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(54) IMAGE-PICKUP DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED* To obtain an image whose false color and false contour are 
reduced by calculating a signal at a prescribed pixel position based on an edge 
component at a prescribed pixel position of a chrominance signal, decoding a signal 
corresponding to pixel number of an image-pickup element and decoding the signal 
corresponding to the pixel number of the image-pickup element, based on the decoded 
chrominance signal and the edge component. 

SOLUTION: A separate means 4 separates R, G, B signals from a signal received by a 
frame memory 3, and the G signal is fed to an edge discrimination means 5 and a G 
component decoding means 6. The R, B signals are fed to the G component decoding 



means 6 and RB decoding means 7. The edge discrimination means 5 discriminates an 
edge component at a prescribed pixel position at a prescribed pixel position in the G 
signal and gives the discrimination result to the G component decoding means 6. The G 
component decoding means 6 decodes a pixel signal of the G component to obtain the G 
signal with a total pixel number in an image-pickup element 1, based on the 
discrimination result from the edge discrimination means 5. Then the result is fed to RB 
component decoding means 7, 9 and an edge discrimination means 8, where the pixel is 
decoded and generated. 
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CLAIMS 



[Claim(s)] 

[Claim l] In 4 pixels of upper and lower sides of perpendicular horizontal [ of two lines ] 
2 train, the 1st color filter with the spectral sensitivity characteristic over the 1st 



chrominance signal and the 2nd color filter with the spectral sensitivity characteristic 
over the 2nd chrominance signal are arranged by the perpendicular of the 1st line. The 
3rd color filter which has the spectral sensitivity characteristic over the 3rd 
chrominance signal in the same train as the pixel location' where the 1st color filter of 
the above-mentioned perpendicular of the 1st line was arranged at the perpendicular of 
the 2nd line is arranged. The 1st color filter which has the spectral sensitivity 
characteristic over the 1st chrominance signal in the same train as the 2nd color filter is 
arranged. In image pick-up equipment equipped with the image sensor with which the 
color filter of 4 pixels of the above-mentioned upper and lower sides is arranged 
repeatedly perpendicularly and horizontally one by one An edge judging means to judge 
the edge component in a predetermined pixel location based on the circumference pixel 
signal in the predetermined pixel location of the 1st chrominance signal by the 1st color 
filter of the above, The 1st calculation means which computes the signal in the 
above-mentioned predetermined location in the 1st chrominance signal based on the 
output of said edge judging means with the 1st, 2nd, and 3rd chrominance signals read 
with the 1st, 2nd, and 3rd color filter of the above, Based on the output of the 
above-mentioned edge judging means, it has the output of the calculation means of the 
above 1st, and the 2nd calculation means which computes the 2nd and 3rd chrominance 
signals with the 2nd and 3rd chrominance signals from a color filter. Image pick-up 
equipment characterized by acquiring the 1st, 2nd, and 3rd chrominance signal of the 
number of pixels in the above-mentioned image sensor. 

[Claim 2] A horizontal edge detection means for said edge judging means to compute the 
absolute value of the difference of the contiguity pixel of the right and left in the 
predetermined pixel location of the 1st chrominance signal of the above, and to detect a 
horizontal edge component, A perpendicular direction edge detection means to compute 
the absolute value of the difference of the pixel of the upper and lower sides in the 
predetermined pixel location of the 1st chrominance signal, and to detect a vertical edge 
component, Image pick-up equipment [ in / based on the output from said horizontal 
edge detection means and a perpendicular direction edge detection means / said 
predetermined pixel ] according to claim 1 characterized by level or having a judgment 
means to judge a vertical edge component. 

[Claim 3] When the judgment means in said edge judging means has an output from the 
above-mentioned horizontal edge detection means, or an output larger than the value 
defined beforehand from the above-mentioned perpendicular direction edge detection 
means It supposes that the edge component was detected to the circumference pixel of 
the above-mentioned predetermined pixel, and when the output from a horizontal edge 



detection means is still larger than the output of the above-mentioned perpendicular 
direction edge detection means, there is correlation perpendicularly. When the output 
from a horizontal edge detection means is smaller than the output of the 
above-mentioned perpendicular direction edge detection "means, while judging with 
there being correlation more horizontally Image pick-up equipment according to claim 1 
or 2 characterized by judging with not detecting an edge component when both the 
outputs from the above-mentioned horizontal edge detection means and a perpendicular 
direction edge detection means are smaller than the value defined beforehand. 
[Claim 4] In the location of the predetermined pixel [ of 1 lines ] m train B (1, m) where 
the 2nd chrominance signal B has said 1st calculation means the value Ahlpf (1 ■-) which 
the 1st chrominance signal A and the 2nd chrominance signal B were alike, respectively, 
and received and minded the horizontal low pass filter Compute m) and Bhlpf (1, m) and 
with the pixel value B (1, m) of the ratio of Ahlpf (1, m) and Bhlpf (1, m) which are an 
output signal from said horizontal low pass filter, and the above-mentioned pixel 
location the pixel value A in the 1st chrominance signal A of a 1 line m train (1, m) - A (1 
--) m) A horizontal signal calculation means to compute by =B(1, m) x {AhlpfQ, m)/Bhlpf 
(1, m)}, and to compute the pixel value in the 1st chrominance signal A similarly in other 
pixel locations with the 3rd chrominance signal C, In the location of the 
above-mentioned predetermined pixel [ of 1 lines ] m train B (1, m) The 1st chrominance 
signal A the value Avlpf (1 --) which the 2nd chrominance signal B was alike, respectively, 
and received and minded the vertical low pass filter Compute m) and Bvlpf (1, m) and 
with the pixel value B (1, m) of the ratio of Avlpf (1, m) and Bvlpf (1, m) which are an 
output signal from said perpendicular direction low pass filter, and the 
above-mentioned pixel location the pixel value A in the 1st chrominance signal A of a 1 
line m train (1, m) - A (1 -■) m) A perpendicular direction signal calculation means to 
compute by =B(1, m) x {AvlpfCl, m)/Bvlpf (1, m)}, and to compute the pixel value in the 1st 
chrominance signal A similarly in other pixel locations with the 3rd chrominance signal 
C, the pixel value [ in / from the average of the contiguity pixel of the four directions in 
the location of the above-mentioned predetermined pixel / of 1 lines / m train in the 1st 
chrominance signal A / the 1st chrominance signal A of a 1 line m train ] A (1 --) It has an 
average-value calculation means to compute m), and is based on the output of the 
above-mentioned edge judging means. The output or perpendicular direction signal 
calculation means output of the above-mentioned horizontal signal calculation means, 
Or image pick-up equipment according to claim 1 characterized by choosing from the 
output from an averaging means, acquiring the pixel value A of the 1st chrominance 
signal A in an above-mentioned predetermined pixel [ of 1 lines ] m train (1, m), and 



acquiring the 1st chrominance signal of the number of pixels in an image sensor. 
[Claim 5] When said 1st calculation means judges with the output of the 
above-mentioned edge judging means not detecting an edge component in the location of 
a predetermined pixel [ of 1 lines ] m train, it chooses the output of the above-mentioned 
averaging means. When it judges with correlation being perpendicularly, the output of 
the above-mentioned perpendicular direction signal calculation means is chosen. It is 
image pick-up equipment according to claim 1 to 4 characterized by choosing the output 
of the above-mentioned horizontal signal calculation means when it judges with there 
being correlation horizontally, and acquiring the 1st chrominance signal of the number 
of pixels in an image sensor. 

[Claim 6] value Alhlpf (1 --) the calculation means of the above 2nd minded the 
horizontal low pass filter to the output A from the calculation means of the above 1st in 
the location of a predetermined pixel [ of 1 lines ] m train Value Alvlpf (1, m) through m) 
and a perpendicular direction low pass filter is computed, value Blhlpf (1 --) which 
minded the horizontal low pass filter to the 2nd chrominance signal B Value Clvlpf 
which minded the vertical low pass filter to m) and the 3rd chrominance signal C (1, m) 
0 or value Blvlpf (1 --) which minded the vertical low pass filter to the 2nd chrominance 
signal B m) and value Clhlpf (1, m) which minded the horizontal low pass filter to the 
3rd chrominance signal C are computed. The ratio of Alhlpf (1, m) and Blhlpf (1, m) (or 
ratio with Clhlpf (1, m)), The ratio of Alvlpf (1, m) and Clvlpf (1, m) 0 or the pixel value 
A (1 ") in the predetermined pixel [ of 1 lines ] m train in the output A from a ratio with 
Blvlpf (1, m), and the calculation means of the above 1st the pixel value B in the 2nd 
chrominance signal B of m) to a 1 line m train, and the 3rd chrominance signal C (1 --) m) 
and C (1, m) - B(l, m) =A(1, m) x{Blhlpf (1 -) m) /Alhlpf(l, m)}, C(l, m) =A(1, m) x 
{ClvlpfO, m)/Alvlpf (1, m)} 0, or B(l, m) =A(1, m) x{BlvlpfO, m)/Alvlpf (1 «) m) While 
having a signal calculation means to compute by} and C(l, m) =A(1, m) x {ClhlpfO, 
mVAlhlpf (1, m)} value A2hlpf (x --) which minded the horizontal low pass filter to the 
output A from the calculation means of the above 1st in the location, of a different 
predetermined pixel [ of x lines ] y train from the location of the above-mentioned 1 line 
m train value B-2hlpf (x --) which minded the horizontal low pass filter to the 2nd 
chrominance signal B in the output from y) and said signal calculation means y) is 
computed. With the pixel value A (x y) in the pixel [ of x lines ] y train in the output A 
from the calculation means of the ratio of A2hlpf (x y) and B-2hlpf (x y), and the above 
1st the 2nd chrominance signal B in the location of a x line y train (x y) B(x y) =A (x ■-) 
y) A horizontal signal calculation means to compute by x {B-2hlpf(x y)/A2hlpf (x y)}, and 
to compute C signal similarly in the 3rd chrominance signal C, value A2vlpf (x --) which 



minded the vertical low pass filter to the output A from the calculation means of the 
above 1st value B-2vlpf (x ") which minded the vertical low pass filter to the 2nd 
chrominance signal B in the output from y) and said signal calculation means y) is 
computed. With the pixel value A (x y) in the pixel [ of x lines ] y train in the output A 
from the calculation means of the ratio of A2vlpf (x y) and B-2vlpf (x y), and the above 
1st the 2nd chrominance signal B in the location of a x line y train (x y) - B(x y) =A (x -) 
y) A perpendicular direction signal calculation means to compute by x {B-2vlpf(x 
y)/A2vlpf (x y)}, and to compute C signal similarly in the 3rd chrominance signal C, In 
the location of the predetermined pixel [ of x lines ] y train in the 2nd and 3rd 
chrominance signal in the output from the above-mentioned signal calculation means 
Have an average-value calculation means to compute the average value of the pixel 
which adjoins aslant, and it chooses from each output from said horizontal signal 
calculation means, a perpendicular direction signal calculation means, and an 
averaging means based on the output of the above-mentioned edge judging means. 
Image pick-up equipment given in either claim 1 characterized by acquiring the 2nd 
and 3rd chrominance signal in an above-mentioned predetermined pixel [ of x lines ] y 
train, and acquiring the 2nd and 3rd chrominance signal of the number of pixels in an 
image sensor, claim 4 and claim 5. 

[Claim 7] When said 2nd calculation means judges with the output of the 
above-mentioned edge judging means not detecting an edge component in the location of 
a predetermined pixel [ of x lines ] y train, it chooses the output of the above-mentioned 
averaging means. When it judges with correlation being perpendicularly, the output of 
the above-mentioned perpendicular direction signal calculation means is chosen. It is 
image pick-up equipment according to claim 1 to 6 characterized by choosing the output 
of the above-mentioned horizontal signal calculation means when it judges with there 
being correlation horizontally, and acquiring the 2nd and 3rd chrominance signal of the 
number of pixels in an image sensor. 



.DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to high-definition*izing in image pick-up 

equipment like an electronic "still" camera, and a miniaturization. 

[0002] 

[Description of the Prior Art] Conventionally, in image "pick-up equipment like an 
electronic "still" camera, the image sensor (it is hereafter called a veneer image sensor) 
of one sheet is used for the miniaturization. Drawing 19 is drawing showing an example 
of the typical color filter array of the image sensor in the former. In drawing, R is an 
image sensor with a color filter with the spectral characteristic which passes the light of 
R, and is an image sensor with [ G / B and ] each color filter similarly. As shown in 
drawing 19 , G and R are arranged by n lines every 2 pixels, and B and G are arranged 
every 2 pixels in n+1 line. Therefore, in order to acquire R and B signal, to acquire G 
signal every 2 pixels for 4 pixels of every (slash section in drawing) upper and lower 
sides, to acquire each signal of the number of pixels of an image sensor and to aim at 
improvement in resolution, from the pixel signal acquired, data processing will be 
performed and R of the number of image sensors, G, and B signal will be generated. 
[0003] Drawing 20 is the block diagram showing an example of the configuration of the 
conventional image pick-up equipment which generates R, G, and B signal from the 
signal from an image sensor in the image sensor using the color filter of the primary 
color shown in above-mentioned drawing 19 . a signal [ in / 101 / on drawing 20 and / an 
image sensor and 102 and / in 103 / a frame memory 102 ] - R, G, and B - a separation 
means to separate into each signal, and 104 are interpolation means, and the 
above-mentioned image sensor 101 consists of pixels R, G, and B, as shown in drawing 
19 . [ a frame memory ] 

[0004] Next, actuation is explained. Each pixel signals R, G, and B are read from an 
image sensor 101, and each pixel signal is incorporated to a frame memory 102. From 
the signal incorporated by said frame memory 102, the separation means 103 separates 
each signal and each is sent to the interpolation means 104. With the interpolation 
means 104, interpolation generation of the signal of the pixel which is not obtained in 
each R, G, and B signal is carried out from the signal of a contiguity pixel, and the RGB 
code of the numbers of pixels of all image sensors is computed, and it is outputted. 
[0005] Here, drawing 21 explains an example of the interpolation approach in the 
above-mentioned interpolation means 104. The pixel which came to be shown in 
drawing 21 (a), (b), and (c), and was shown all over [ G, R, and B ] drawing is each signal 
acquired from the image sensor 102, and, on the other hand, R and G which were 
separated by the separation means 103, and B signal are pixel signals with which the 
pixel of a null is not obtained, level [ the perpendicular of n lines ] about G signal 



( drawing 21 (a)), in order to interpolate the signal g of the m-th pixel location (it is 
hereafter described as a pixel location (n, m).) It asks for the difference (|G(n-l, 
m)-G(n+l, m) |) of the contiguity pixel of the vertical direction, and the difference ( I G(n, 
nrl)-G(n, m+l) |) of the contiguity pixel of a longitudinal direction, and this difference 
interpolates with the pixel signal of few directions. For example, when there is little 
difference of the contiguity pixel of a longitudinal direction, it computes as g(n, m) = 
(G(n, m-l) +G (n, m+l)) / 2, and when there is little difference of the contiguity pixel of 
the vertical direction, it computes as g(n, m) = (G(n-1, m) +G (n+1, m)) / 2. 
[0006] About R and B signal ( drawing 21 (b) and (c)), a horizontal pixel is interpolated 
first and it interpolates by being perpendicular to a degree. For example, about R of 
drawing 21 (b), the perpendicular of n-1 line and interpolation by n+1 line are 
performed. The signal of a pixel location (n-1, m) (n+1, m) is computed like r(n~l, m) 
=(R(n-l, m-l) +R (n-1, m+l))/2r(n+l, m) = (R(n+1, nvl) +R (n+1, m+D) / 2. The next is 
asked for the signal of each level pixel location m-l, m, and m+l with interpolation of 
the pixel of the upper and lower sides (n-1 and n+1 line) of the pixel of n lines. It is 
obtained by the approach with the same said of B. 

[0007] By the above interpolation approach, R of the numbers of pixels of all image 
sensors, G, and B signal are computable in the output of the interpolation means 104. 
[0008] Moreover, drawing 22 shows an example of the conventional image pick-up 
equipment by the image sensor of the pixel mixing method which mixes and reads 2 
pixels of upper and lower sides shown in JP,6-178307,A, and shows the block diagram in 
the case of constituting like the above-mentioned conventional example, so that 
interpolation generation of the signal from an image sensor may be carried out from the 
horizontal scanning of three lines. For an image sensor and 106, as for a signal selection 
circuitry and 108, in this drawing, a frame memory and 107 are [ 105 / a color 
interpolation circuit and 109 ] RGB matrices. As an image sensor 105 is shown in 
drawing 22 , it consists of four pixels A, B, C, and D (the number each pixel signal was 
numbered shows a pixel location hereafter), and the pixel of A and B is arranged by 
turns for every line so that pixel mixing read-out can generate a chrominance signal. 
[0009] Next, actuation is explained. Pixel mixing read-out is not carried out from an 
image sensor 105, but each pixel signal is read as it is, and each pixel signal is 
incorporated to a frame memory 106. The signal of the perpendicular of three lines 
,which adjoined by the signal selection circuitry 107 is chosen from the signal 
incorporated by said frame memory 106, and it sends to the color interpolation circuit 
108. In the color interpolation circuit 108, after carrying out interpolation generation of 
each chrominance signals A, B, C, and D from the signal of the above-mentioned 
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perpendicular of three lines, it is outputted by the RGB matrix circuit 109 as an RGB 
code. 

[0010] Here, although interpolation generation of each chrominance signal is carried 
out in the above-mentioned color interpolation circuit 108rthis interpolation approach 
is explained. For example, in chrominance -signal interpolation generation of n2 line, 
the signal of nl, n2, and n3 is chosen by the signal selection circuitry 107 the 
perpendicular of three lines, and it is sent to the color interpolation circuit 108, and the 
chrominance signals acquired in n2 line are C and D pixel, and there is no pixel of A and 
B. Therefore, although interpolated from nl in a perpendicular direction, and the signal 
of n3 line about the pixel of A and B, since the pixel locations of A and B differ in nl and 
n3 line, a horizontal interpolation multiplier will be changed. Supposing it carries out 
interpolation generation of each chrominance -signal A', B\ C 1 , and D' to the 3rd pixel of 
n2 line of the chrominance signal after interpolation (2 n 3) more nearly now than 5 
pixels of horizontals before interpolation For example, about C 1 and D', weight is given 
centering on a horizontal chisel, and interpolation generation is carried out and it is 
referred to as C23'=(C21 / 2+C23+C 25/2)/2D23'= (D22+D24) / 2. On the other hand, A' 
and B' are received. 

A23 , =(All/4+A13/2+A15/4)/2+(A31/4+A33/2+A35/4)/2B23'=(B12/2+Bl4/2)/2+ 
(B32/2+B34/2) / 2 - weight can be given and interpolated from a formula to a level pixel. 
[0011] Next, in interpolation generation of the chrominance signal of n3 line, the pixel of 
A and B carries out interpolation generation from n3 line, and carries out interpolation 
generation from n2 and n4 line about C and D pixel. In a pixel location (3 3) that is, for 
example A33'=(A32+A34)/2B33'=(B31/2+B33+B35/2)/2C33 , =(C2 1/4+C23 / 2+C 
25/4)/2+ (C41/4+C43 / 2+C 45/4)/2D33'= 0 [ D22/2+] It is set to D24/2/2+ (D42 / 2+D 44/2) 
12. 

[0012] It takes into consideration hereafter that pixel arrangement of A and B 
interchanges whole Rhine. In n4 line As opposed to a pixel location (4 3) A43 - 
(A3 1/4+A33/2+A35/4) / 2+ (A5 1/4+A53/2+A55/4) / 2B43'=(B32/2+B34/2) 
72+(B-52/2+B54/2) /2C43*= 0 [ C41/2+C43+] In C45/2 / 2D43'= (D42+D44) / 2n five lines 
As opposed to a pixel location (5 3) A53'= (A52+A54) / 2B53- 0 [ B-52+] It is set to 
B54/2C53'=(C41/4+C43 / 2+C 45/4)/2+(C61/4+C63 / 2+C 65/4)/2D53'=(D42 / 2+D 44/2)/2+ 
(D62 / 2+D 64/2) / 2. Henceforth, chrominance -signal A\ B\ C\ and D' will be generated 
.by repeating successively the above n2, n3, and n4 and the interpolation approach in n5 
line. 

[0013] Therefore, since interpolation generation of the chrominance signal is carried out 
by the perpendicular of three lines, the signal of the number of pixels of an image sensor 



with little vertical definition degradation of a chrominance signal can be acquired. In 
addition, above, although four chrominance signals are explained as A, B, C, and D, this 
should just be the multiplier which can consider four colors of Mg (MAZENDA), G 
(Green), Cy (cyanogen), and Ye (yellow), and can carry out interpolation generation of 
the chrominance signal about the interpolation multiplier in the color interpolation 
circuit 108. 
[0014] 

[Problem(s) to be Solved by the Invention] Conventional image pick-up equipment is 
constituted so that interpolation by the pixel signal in Rhine of a horizontal contiguity 
pixel and the upper and lower sides may generate a chrominance signal, and regardless 
of change of the spatial frequency in local fields, such as an edge in the image from the 
acquired chrominance signal, therefore, there was a trouble that a false color and false 
coutour arose. 

[0015] This invention was made in order to cancel the above troubles, and it is set to 4 
pixels of upper and lower sides of perpendicular horizontal [ of two lines ] 2 train. The 
1st color filter with the spectral sensitivity characteristic over the 1st chrominance 
signal and the 2nd color filter with the spectral sensitivity characteristic over the 2nd 
chrominance signal are arranged by the perpendicular of the 1st line. The 3rd color 
filter which has the spectral sensitivity characteristic over the 3rd chrominance signal 
in the same train as the pixel location where the 1st color filter in the above-mentioned 
perpendicular of the 1st line was arranged at the perpendicular of the 2nd line is 
arranged. The 1st color filter which has the spectral sensitivity characteristic over the 
1st chrominance signal in the same train as the 2nd color filter is arranged. In image 
pick-up equipment equipped with the image sensor with which the color filter of 4 pixels 
of the above-mentioned upper and lower sides is arranged repeatedly perpendicularly 
and horizontally one by one It is based on the edge component in the predetermined 
pixel location of the 1st chrominance signal by the 1st color filter of the above. Compute 
the signal in the predetermined pixel location in the 1st chrominance signal, and the 
signal of the number of pixels of an image sensor is restored. It aims at obtaining the 
image pick-up equipment which obtains the image with which a false color and false 
coutour were mitigated by computing the 2nd and 3rd chrominance signals, and 
restoring the signal for several pixel minutes of an image sensor based on the 1st 
chrominance signal and above-mentioned edge component which were restored. 
[0016] 

[Means for Solving the Problem] The image pick-up equipment concerning this 
invention is set to 4 pixels of upper and lower sides of perpendicular horizontal [ of two 



lines ] 2 train. The 1st color filter with the spectral sensitivity characteristic over the 1st 
chrominance signal and the 2nd color filter with the spectral sensitivity characteristic 
over the 2nd chrominance signal are arranged by the 1st line. The 3rd color filter which 
has the spectral sensitivity characteristic over the 3rd chrominance signal in the same 
train as the pixel location where the 1st color filter in the 1st line of the above was 
arranged in the 2nd line is arranged. The 1st color filter which has the spectral 
sensitivity characteristic over the 1st same chrominance signal as the 1st color filter of 
the above in the same train as the 2nd color filter is arranged. In image pick-up 
equipment equipped with the image sensor with which the color filter of 4 pixels of the 
above-mentioned upper and lower sides is arranged repeatedly perpendicularly and 
horizontally one by one An edge judging means to judge the edge component in a 
predetermined pixel location based on the circumference pixel signal in the 
predetermined pixel location of the 1st chrominance signal by the 1st color filter of the 
above, The 1st calculation means which computes the signal in the above-mentioned 
predetermined pixel location in the 1st chrominance signal based on the output of said 
edge judging means with the 1st, 2nd, and 3rd chrominance signals read with the 1st, 
2nd, and 3rd color filter of the above, Based on the output of the above-mentioned edge 
judging means, it has the output of the 1st calculation means, and the 2nd calculation 
means which computes the signal in the 2nd and 3rd chrominance signals with the 2nd 
and 3rd chrominance signals from a color filter, and the 1st, 2nd, and 3rd chrominance 
signal of the number of pixels in the above-mentioned image sensor is acquired. 
[0017] Moreover, a horizontal edge detection means for the image pick-up equipment 
concerning this invention to compute the absolute value of the difference of the 
contiguity pixel of right and left [ in / in said edge judging means / the predetermined 
pixel location of the 1st chrominance signal of the above ], and to detect a horizontal 
edge component, A perpendicular direction edge detection means to compute the 
absolute value of the difference of the pixel of the upper and lower sides in the 
predetermined pixel location of the 1st chrominance signal, and to detect a vertical edge 
component, It is a thing [ in / based on the output from said horizontal edge detection 
means and a perpendicular direction edge detection means / said predetermined pixel ] 
equipped with level or a judgment means to judge a vertical edge component. 
[0018] Moreover, the judgment means in said edge judging means the image pick-up 
equipment concerning this invention When the output from the above-mentioned 
horizontal edge detection means or the output from the above-mentioned perpendicular 
direction edge detection means is larger than the value defined beforehand It supposes 
that the edge component was detected to the circumference pixel of the 



above-mentioned predetermined pixel, and when the output from a horizontal edge 
detection means is still larger than the output of the above-mentioned perpendicular 
direction edge detection means, there is correlation perpendicularly. When the output 
from a horizontal edge detection means is smaller" than the output of the 
above-mentioned perpendicular direction edge detection means, while judging with 
there being correlation more horizontally When both the outputs from the 
above-mentioned horizontal edge detection means and a perpendicular direction edge 
detection means are smaller than the value defined beforehand, it judges with not 
detecting an edge component. 

[0019] Moreover, said 1st calculation means sets the image pick-up equipment 
concerning this invention in the location of the predetermined pixel [ of 1 lines ] m train 
B with the 2nd chrominance signal B (1, m). the value Ahlpf (1 --) which the 1st 
chrominance signal A and the 2nd chrominance signal B were alike, respectively, and 
received and minded the horizontal low pass filter m Compute Bhlpf (1, m) and with the 
pixel value B (1, m) of the ratio of Ahlpf (1, m) and Bhlpf (1, m) which are an output signal 
from said horizontal low pass filter, and the above-mentioned pixel location the pixel 
value A in the 1st chrominance signal A of a 1 line m train (1, m) - A (1 --) m) A horizontal 
signal calculation means to compute by =B(1, m) x {Ahlpf(l, m)/Bhlpf (1, m)}, and to 
compute the pixel value in the 1st chrominance signal A similarly in other pixel 
locations with the 3rd chrominance signal C, In the location of the above-mentioned 
predetermined pixel [ of 1 lines ] m train B (1, m) The 1st chrominance signal A the value 
Avlpf (1 --) which the 2nd chrominance signal B was alike, respectively, and received and 
minded the vertical low pass filter Avlpf which m) and Bvlpf (1, m) are computed and is 
an output signal from said perpendicular direction low pass filter (1, m) With the pixel 
value B (1, m) of a ratio with Bvlpf (1, m), and the above-mentioned pixel location the 
pixel value A in the 1st chrominance signal A of a 1 line m train (1, m) - A (1 --) m) A 
perpendicular direction signal calculation means to compute by =B(1, m) x {AvlpfG, 
m)/Bvlpf (1, m)}, and to compute the pixel value in the 1st chrominance signal A 
similarly in other pixel locations with the 3rd chrominance signal C, the pixel value [ in 
/ from the average of the contiguity pixel of the four directions in the location of the 
above-mentioned predetermined pixel / of 1 lines / m train in the 1st chrominance signal 
A / the 1st chrominance signal A of a 1 line m train ] A (1 --) It has an average-value 
..calculation means to compute m), and is based on the output of the above-mentioned 
edge judging means. The output or perpendicular direction signal calculation means 
output of the above-mentioned horizontal signal calculation means, Or it chooses from 
the output from an averaging means, the pixel value A of the 1st chrominance signal A 



in an above-mentioned predetermined pixel [ of 1 lines ] m train (1, m) is acquired, and 
the 1st chrominance signal of the number of pixels in an image sensor is acquired. 
[0020] Moreover, the image pick-up equipment concerning this invention chooses the 
output of the above-mentioned averaging means, when "said means which the 1st 
computes judges with the output of the above-mentioned edge judging means not 
detecting an edge component in the location of a predetermined pixel [ of 1 lines ] m 
train. When it judges with correlation being perpendicularly, the output of the 
above-mentioned perpendicular direction signal calculation means is chosen, when it 
judges with there being correlation horizontally, the output of the above-mentioned 
horizontal signal calculation means is chosen, and the 1st chrominance signal of the 
number of pixels in an image sensor is acquired. 

[0021] Moreover, the calculation means of the above 2nd sets the image pick-up 
equipment concerning this invention in the location of a predetermined pixel [ of 1 lines ] 
m train, value Alhlpf (1 --) which minded the horizontal low pass filter to the output A 
from the calculation means of the above 1st Value Alvlpf (1, m) through m) and a 
perpendicular direction low pass filter is computed, value Blhlpf (1 --) which minded the 
horizontal low pass filter to the 2nd chrominance signal B Value Clvlpf which minded 
the vertical low pass filter to m) and the 3rd chrominance signal C (1, m) 0 or value 
Blvlpf (1 --) which minded the vertical low pass filter to the 2nd chrominance signal B 
m) and value Clhlpf (1, m ) which minded the horizontal low pass filter to the 3rd 
chrominance signal C are computed. The ratio of Alhlpf (1, m) and Blhlpf (1, m) (or ratio 
with Clhlpf (1, m)), The ratio of Alvlpf (1, m) and Clvlpf (1, m) 0 or the pixel value A (1 --) 
in the predetermined pixel [ of 1 lines ] m train in the output A from a ratio with Blvlpf 
(1, m), and the calculation means of the above 1st the pixel value B in the 2nd 
chrominance signal B of m) to a 1 line m train, and the 3rd chrominance signal C (1 ■-) m) 
and C (1, m) - B(l, m) =A(1, m) x{Blhlpf (1 ■-) m) /AlhlpfQ, m)}, C(l, m) =A(1, m) x 
{ClvlpfU, m)/Alvlpf (1, m)} 0, or B(l, m) =A(1, m) x{Blvlpf(l, m)/Alvlpf (1 -) m) While 
having a signal calculation means to compute by}C(l, m) =A(1, m) x {ClhlpfG, mVAlhlpf 
(1, m)} value A2hlpf (x -•) which minded the horizontal low pass filter to the output A 
from the calculation means of the above 1st in the location of a different predetermined 
pixel [ of x lines ] y train from the location of the above-mentioned 1 line m train value 
B-2hlpf (x --) which minded the horizontal low pass filter to the 2nd chrominance signal 
B in the output from y) and said signal calculation means y) is computed. With the pixel 
value A (x y) in the pixel [ of x lines ] y train in the output A from the calculation means 
of the ratio of A2hlpf (x y) and B-2hlpf (x y), and the above 1st the 2nd chrominance 
signal B in the location of a x line y train (x y) - B(x y) =A (x ■-) y) A horizontal signal 



calculation means to compute by x {B-2hlpf(x y)/A2hlpf (x y)}, and to compute C signal 
similarly in the 3rd chrominance signal C, value A2vlpf (x --) which minded the vertical 
low pass filter to the output A from the calculation means of the above 1st value B-2vlpf 
(x -) which minded the vertical low pass filter to the 2nd chrominance signal B in the 
output from y) and said signal calculation means y) is computed. With the pixel value A 
(x y) in the pixel [ of x lines ] y train in the output A from the calculation means of the 
ratio of A2vlpf (x y) and B-2vlpf (x y), and the above 1st the 2nd chrominance signal B in 
the location of a x line y train (x y) - B(x y) =A (x --) y) A perpendicular direction signal 
calculation means to compute by x {B*2vlpf(x y)/A2vlpf (x y)}, and to compute C signal 
similarly in the 3rd chrominance signal C, In the location of the predetermined pixel [ of 
x lines ] y train in the 2nd and 3rd chrominance signal in the output from the 
above-mentioned signal calculation means Have an average-value calculation means to 
compute the average value of the pixel which adjoins aslant, and it chooses from each 
output from said horizontal signal calculation means, a perpendicular direction signal 
calculation means, and an averaging means based on the output of the above-mentioned 
edge judging means. The 2nd and 3rd chrominance signal in an above-mentioned 
predetermined pixel [ of x lines ] y train is acquired, and the 2nd and 3rd chrominance 
signal of the number of pixels in an image sensor is acquired. 

[0022] Furthermore, the image pick-up equipment concerning this invention chooses 
the output of the above-mentioned averaging means, when said 2nd calculation means 
judges with the output of the above-mentioned edge judging means not detecting an 
edge component in the location of a predetermined pixel [ of x lines ] y train. When it 
judges with correlation being perpendicularly, the output of the above-mentioned 
perpendicular direction signal calculation means is chosen, when it judges with there 
being correlation horizontally, the output of the above-mentioned horizontal signal 
calculation means is chosen, and the 2nd and 3rd chrominance signal of the number of 
pixels in an image sensor is acquired. 
[0023] 

[Embodiment of the Invention] Hereafter, this invention is concretely explained based 
on the drawing in which the gestalt of that operation is shown. 

Gestalt 1. drawing 1 of operation is drawing showing an example of the color filter array 
of the image sensor in the electronic "still" camera by the gestalt 1 of implementation of 
this invention, and shows the image sensor of the method which calls each optoelectric 
transducer independently using the color filter of primary color. In drawing G 
Perpendicular direction 2i (i= 0, 1 and 2, ■•) and the pixel location of horizontal direction 
2j (j= 0, 1 and 2, ~) (it describes like a pixel location (2i, 2j) hereafter.), The 1st color 



filter with the spectral characteristic which it is [ spectral characteristic ] in a pixel 
location (2i+l, 2j+l), and passes G signal, It is the 3rd color filter with the spectral 
characteristic which R is [ spectral characteristic ] in a pixel location (2i, 2j+l), and the 
2nd color filter with the spectral characteristic which passes R signal, and B are 
[ spectral characteristic ] in a pixel location (2i+l, 2j), and passes B signal. As shown in 
drawing 1 , R and B signal will be acquired, G signal will be acquired every 2 pixels for 4 
pixels of every (slash section in drawing) upper and lower sides, and 4 pixels of these 
upper and lower sides are repeatedly arranged to the perpendicular horizontal direction. 
[0024] Drawing 2 is the block diagram showing the configuration of the image pick-up 
equipment in the electronic "still" camera by form 1 voice with the image sensor of the 
color filter array shown in above-mentioned drawing 1 of operation. The image sensor 
which consisted of color filter arrays which show 1 to drawing 1 in drawing, A 
separation means for an A/D converter and 3 to separate a frame memory, and, as for 2, 
for 4 to separate each pixel signal of R, G, and B, and to output each signal, 1st edge 
judging means by which 5 judges the edge in the predetermined pixel in G signal, and 6 
are G component restoration means which restore G based on the output from each 
signal from the above-mentioned separation means 4, and said 1st edge judging means 
5 so that G signal of the total number of pixels in an image sensor 1 may be acquired. G 
signal after restoration with the signal of the total number of pixels whose 7 is the 
output of the above-mentioned G component restoration means 6, the pixel location (2i 
--) in R from the above-mentioned separation means 4, and R and B from B signal 2j 1st 
RB component restoration means for restoring the pixel which reaches (2i+l, 2j+l), 2nd 
edge judging means by which 8 judges the edge in the predetermined pixel in G signal 
from the above-mentioned G component restoration means 6, 9 is based on an output 
from the edge judging means 8 of R from RB component restoration means 7 of the 
above 1st, B signal, and the above 2nd. It is 2nd RB component restoration means for 
restoring the pixel B in the pixel location (2i, 2j+l) in the pixels R and B in the pixel 
location (2i+l, 2j) in R. 

[0025] Moreover, drawing 3 is the block diagram showing the example of 1 configuration 
of the edge judging means 5 of the above 1st, and G component restoration means 6. A 
horizontal edge detection means by which 11 detects in drawing, the difference, i.e., the 
edge component, of a pixel on either side in the predetermined pixel of G signal, A 
perpendicular direction edge detection means to detect the edge component whose 12 is 
the difference of the vertical pixel in the predetermined pixel of G signal, and 13 with an 
output from said horizontal and the perpendicular direction edge detection means 11 
and 12 Change of the signal level in the circumference pixel in a level perpendicular 



direction is judged, it is a judgment means to output the judgment result, and the 
horizontal edge detection means 11, the perpendicular direction edge detection means 
12, and the judgment means 13 constitute the 1st edge judging means 5. An averaging 
means by which 14 computes the average of the pixel of the four directions in the 
predetermined pixel of G signal, A low pass filter with horizontal 15*17 and 18 perform 
an operation from R signal, the output signal Ghlpf by the horizontal low pass filter 15, 
and the output signal Rhlpf by the horizontal low pass filter 16. An operation means to 
output G signal in the pixel location (2i, 2j+l) which has correlation horizontally, 19 is 
an operation means to output G signal in the pixel location (2i+l, 2j) which calculates 
with B signal, the output signal Ghlpf by the horizontal low pass filter 15, and the 
output signal Bhlpf by the horizontal low pass filter 17, and has correlation horizontally. 
It calculates with the output signal Gvlpf according [ 23 ] to R signal and the 
perpendicular direction low pass filter 20 and the output signal Rvlpf by the 
perpendicular direction low pass filter 21 according [ 20*22 ] to a vertical low pass filter. 
An operation means to output G signal in the pixel location (2i, 2j+l) which has 
correlation perpendicularly, 24 is an operation means to output G signal in the pixel 
location (2i+l, 2j) which calculates with B signal, the output signal Gvlpf by the 
perpendicular direction low pass filter 20, and the output signal Bvlpf by the 
perpendicular direction low pass filter 22, and has correlation perpendicularly. 25 is a 
switch means, and switches and chooses the pixel signal of G from the signal from the 
above-mentioned averaging means 14, the operation means 18 and 19 and the operation 
means 23 and 24, and the separation means 4 based on the result and pixel location 
which judged signal level change of the circumference pixel from the edge judging 
means 5 of the above 1st. 

[0026] Moreover, drawing 4 is the block diagram showing the example of 1 configuration 
of the 2nd edge judging means 8 and 2nd RB component restoration means 9. In 
drawing, the 2nd edge judging means 8 with the output from a horizontal edge detection 
means 30 to detect the difference of the pixel of the right and left in the predetermined 
pixel of G signal and a perpendicular direction edge detection means 31 to detect the 
difference of a vertical pixel, said horizontal, and the perpendicular direction edge 
detection means 30 and 31 Change of the signal level in the circumference pixel in a 
level perpendicular direction is judged, and it is constituted by judgment means 32 to 
.output the judgment result of the pixel location (2i+l, 2j) of R signal, and the judgment 
result of the pixel location (2i+l, 2j) of B signal. In 2nd RB component restoration means 
9 for restoring the pixel B in the pixel location (2i, 2j+l) in the pixels R and B in the 
pixel location (2i+l, 2j) in R An R averaging means to compute the average of the pixel 



by which 33 adjoins in the direction of slant in R signal, and 34 with G signal from G 
component restoration means 6, and R signal from 1st RB restoration means 7 An R 
horizontal operation means to calculate the pixel signal in the pixel location (2i+l, 2j) in 
R by the horizontal contiguity pixel, and 35 by the vertical contiguity pixel An R 
perpendicular direction operation means to calculate the pixel signal in a pixel location 
(2i+l, 2j) like the above, 36 is R switch means which switches R pixels according to a 
pixel location based on the judgment result from the edge judging means 8 of the above 
2nd. A B averaging means to compute the average of the pixel by which 37 adjoins in the 
direction of slant in B signal, and 38 with G signal from G component restoration means 
6, and B signal from 1st RB restoration means 7 A B horizontal operation means to 
calculate the pixel signal in the pixel location (2i, 2j+l) in B by the horizontal contiguity 
pixel, and 39 by the vertical contiguity pixel A B perpendicular direction operation 
means to calculate the pixel signal in a pixel location (2i, 2j+l) like the above, and 40 
are B switch means which switch B pixels according to a pixel location based on the 
judgment result from the edge judging means 8 of the above 2nd. 

[0027] Next, actuation is explained. Each pixel signals R, G, and B are read from an 
image sensor 1, AID conversion of the output is carried out by A/D converter 2, and it is 
inputted into a frame memory 3. From the signal inputted into the frame memory 3, the 
separation means 4 separates each R, G, and B signal, G signal is sent to the 1st edge 
judging means 5 and G component restoration means 6, and R and B signal are sent to 
G component restoration means 6 and 1st RB restoration means 7. Although the pixel 
signal of G component is restored with the 1st edge judging means 5 so that the edge 
component in the predetermined pixel location in G signal may be judged, the judgment 
result from the edge judging means 5 of the above 1st may be based on G component 
restoration means 6 with delivery and G component restoration means 6 in a judgment 
result and G signal of the total number of pixels in an image sensor 1 may be acquired, 
this actuation is explained according to drawing 3 . 

[0028] G signal is inputted into the horizontal edge detection means 11 and the 
perpendicular direction edge judging means 12 in the 1st edge judging means 5. Now, as 
shown in drawing 1 , it is obtained by the pixel location (2i, 2j), and (2i+l, 2j+l) by G 
component in an image sensor 1, and in order to acquire G signal of the number of pixels 
of an image sensor, the signal in a pixel location (2i, 2j+l) and the pixel of (2i+l, 2j) will 
be searched for. Drawing 5 is drawing showing G signal in each pixel location from the 
separation means 4, and the pixel from which, as for g, the signal is not acquired in G 
signal from an image sensor 1 is shown by the inside G of drawing, therefore - the 
horizontal edge detection means 11 and the perpendicular direction edge judging means 



12 - a pixel location (2i, 2j+l) - it detects by and (2i+l, 2j) (g shown with the slash in 
drawing 5 ), the difference, i.e., the edge component, of a pixel of right and left and the 
upper and lower sides. With the horizontal edge detection means 11, absolute value 
deltaH of the difference of the pixel of right and left in" the above-mentioned pixel 
location is obtained, this is outputted to the judgment means 13, absolute value deltaV 
of the difference of an up-and-down pixel is obtained with the perpendicular direction 
edge detection means 12, and it outputs to the judgment means 13. For example, in a 
pixel location (2i, 2j+l), it is the horizontal edge detection means 11, and is deltaH= | G(i 
[2], 2j)-G(2i, 2j+2) |.(1) 

It computes, is the perpendicular direction edge detection means 12, and is 
deltaV=|G(2i-l, 2j+l)-G(2i+l, 2j+l) | . (2) 

It computes and Above delta H and delta V is sent to the judgment means 13. Hereafter, 
the absolute value of the difference of this pixel is called an edge component. 
[0029] With the above-mentioned judgment means 13, by edge component deltaH in a 
horizontal direction, and perpendicular direction edge component deltaV, change of the 
signal level in the circumference pixel in a level perpendicular direction is judged, and 
the signal ed 1 which shows the judgment result is outputted. That is, when both delta 
H and delta V are one or less values th defined beforehand, it judges with there being no 
change of the signal level in a circumference pixel, for example, outputs as ed 1= 1. It 
judges with there being an edge component in the pixel, when larger than the value thl 
which delta H or delta V defined beforehand on the other hand, and, in delta H>delta V, 
it judges with correlation being high perpendicularly further, for example, ed 1= 2 is 
outputted, and, in delta H<=delta V, it judges with correlation being horizontally high, 
for example, ed 1= 3 is outputted. In addition, it is not necessary to judge an edge 
component in the pixel location (2i, 2j) where G is obtained, and (2i+l, 2j+l), and ed 1= 0 
shall be outputted from the judgment means 13. The output ed 1 of the judgment means 

13 is sent to the switch means 25 in G component restoration means 6. 

[0030] Next, G signal is inputted into the averaging means 14 and the horizontal low 
pass filter 15, and the perpendicular direction low pass filter 20 in G component 
restoration means 6. the averaging means 14 - a pixel location (2i, 2j+l) - and (2i+l, 2j) 
the average ga of the value of 4 pixels of four directions is computed by setting, and it 
sends to the switch means 25. From the horizontal low pass filter 15, the value Gvlpf 
the value Ghlpf through the horizontal low pass filter of G minded the low pass filter of 
the perpendicular direction of G from the perpendicular direction low pass filter 20 is 
outputted, for example, it is computed like a degree type in a pixel location (2i, 2j+l). 
GhlpMGG [ 2 ], 2j)+G (2i, 2j-2) 



+ G(2i, 2j+2) +G(2i, 2j+4)}/4 (3) 
GvlpMG(2i-3, 2j+l)+G (2i-l, 2j+l) 
+ G(2i+1, 2j+l) +G(2i+3, 2j+l)}/4 (4) 

The output Ghlpf of the above-mentioned horizontal low pass filter 15 is sent to the 
operation means 18 and 19, and the output Gvlpf of the perpendicular direction low 
pass filter 20 is sent to the operation means 23 and 24. 

[0031] On the other hand, R signal is inputted into the horizontal low pass filter 16 and 
the perpendicular direction low pass filter 21, outputs level and the values Rhlpf and 
Rvlpf through a vertical low pass filter, is inputted into the horizontal low pass filter 17 
and the perpendicular direction low pass filter 22 about B signal, and outputs 
respectively level and the values Bhlpf and Bvlpf through a vertical low pass filter. Here, 
R component in an image sensor 1 is obtained in a pixel location (2i, 2j+l), as shown in 
drawing 1 , R signal in each pixel location from the separation means 4 comes to be 
drawing 6 (a) Shown, and B component is obtained in a pixel location (2i+l, 2j), and B 
signal in each pixel location from the separation means 4 comes to be shown to drawing 
6 (b). In addition, the pixel of a null is a pixel which has not acquired the signal with an 
image sensor. Therefore, in a pixel location (2i, 2j+l), the value through the horizontal 
and the perpendicular direction low^pass filters 16 and 21 of R signal is acquired for 
example, by the degree type. 
Rhlpf={R(2i, 2j-3)+2xR (2i, 2j-l) 
+ TwoxR(2i, 2j+l) +2xR (2i, 2j+3) 
-f R(2i, 2j+5)}/8 (5) 

Rvlpf={R(2i-4, 2j+l) +2xR (2r2, 2j+l) 
+ TwoxR(2i, 2j+l) +2xR (2i+2, 2j+l) 
+ R(2i+4, 2j+l)}/8 (6) 

Moreover, in a pixel location (2i+l, 2j), the value through the horizontal and the 
perpendicular direction low pass filters 17 and 22 of B signal is acquired for example, by 
the degree type. 

Bhlpf={B(2i+l, 2j-4) +2xB (2i+l, 2j-2) 
+ TwoxB(2i+l, 2j) +2xB (2i+l, 2j+2) 
+ B(2i+1, 2j+4)}/8 (7) 
Bvlpf={B(2i-3, 2j)+2xB (2M, 2j) 
+ TwoxB(2i+l, 2j)+2xB (2i+3, 2j) 
+ R(2i+5, 2j)}/8 (8) 

[0032] In addition, it may be each horizontal low pass filter and the example of 
calculation of a perpendicular direction low pass filter output, and other numbers of 



taps and multipliers are [ above-mentioned formula (3) - (8) may not restrict the number 
of taps and multiplier of a filter to above-mentioned formula (3) - (8), and ] sufficient as 
it. 

[0033] And the output Rhlpf in the above-mentioned horizontal low pass filter 16 is sent 
to the operation means 18. R signal and the output signal Ghlpf of the horizontal low 
pass filter 15 are inputted into the operation means 18. The G signal ghl (2i, 2j+l) with 
horizontal correlation in a pixel location (2i, 2j+l) Degree type ghl(2i, 2j+l) =R(2i, 2j+l) 
x(GhlpffRhlpf) (9) 

It is alike, computes more and sends to the switch means 25. Moreover, the output Rvlpf 
in the perpendicular direction low pass filter 21 is sent to the operation means 23. R 
signal and the output signal Gvlpf of the perpendicular direction low pass filter 20 are 
inputted into the operation means 23. The G signal gvl (2i, 2j+l) which has correlation 
in the perpendicular direction in a pixel location (2i, 2j+l) Degree type gvl(2i, 2j+l) 
=R(2i, 2j+l) x(GvlpffRvlp£> (10) 

It is alike, computes more and sends to the switch means 25. 

[0034] Similarly the output Bhlpf in the above-mentioned horizontal low pass filter 17 is 
sent to the operation means 19. B signal and the output signal Ghlpf of the horizontal 
low pass filter 15 are inputted into the operation means 19. The G signal gh2 (2i+l, 2j) 
with horizontal correlation in a pixel location (2i+l, 2j) Degree type gh2(2i+l, 2j) 
=B(2i+l, 2j) x(Ghlpf7Bhlp£> (11) 

It is alike, computes more and sends to the switch means 25. Moreover, the output Bvlpf 
in the perpendicular direction low pass filter 22 is sent to the operation means 24. B 
signal and the output signal Gvlpf of the perpendicular direction low pass filter 20 are 
inputted into the operation means 24. The G signal gv2 (2i+l, 2j) which has correlation 
in the perpendicular direction in a pixel location (2i+l, 2j) Degree type gv2(2i+l, 2j) 
=B(2i+l, 2j) x(GvlpffBvlp£> (12) 

It is alike, computes more and sends to the switch means 25. 

[0035] The above-mentioned formula (9) The calculation method by - (12) is premised on 
few things by change of the color in a local field, that is, it is given by the ratio of the 
that the ratio of each chrominance signal in the local field in a perpendicular direction is 
horizontally horizontal or the value through a vertical low pass filter of R, G, and B 
according to the ratio of each chrominance signal in a local field being almost equal. 
[0036] With the switch means 25, as a result of judging signal level change of the 
circumference pixel from the judgment means 13 in the 1st edge judging means 5, based 
on edl and a pixel location, the pixel signal of G is chosen from the signal from the 
above-mentioned averaging means 14, the operation means 18 and 19 and the operation 



means 23 and 24, and the separation means 4, and is switched. That is, when the output 
signal ed 1 by the judgment means 13 shows *2' (i.e., although judged with there being 
an edge component in the pixel, when being perpendicularly judged with correlation 
being high by delta H>delta V), the signal of an operation means to output G which has 
correlation in the perpendicular direction in each pixel location is chosen. When the 
output signal ed 1 by the judgment means 13 shows '3' (i.e., although judged with there 
being an edge component in the pixel, when being judged with correlation being 
horizontally high by delta H<=delta V), the signal of an operation means to output G 
which has correlation in the horizontal direction in each pixel location is chosen. 
Furthermore, when the output signal ed 1 by the judgment means 13 shows T, since it 
is judged with both delta H and delta V being one or less values th defined beforehand, 
and there being no change of the signal level in a circumference pixel, it is not necessary 
to take change of a frequency into consideration, and the G signal ga by the averaging 
means 14 is chosen. 

[0037] In the switch means 25 namely, in the case of the G signal g (2i, 2j+l) of a pixel 
location (2i, 2j+l) With the output ed 1= 1 from the judgment means 13, the G signal ga 
from the averaging means 14 In the case of ed=2, choose the G signal gvl from the 
operation means 23, and, in the case of ed=3, the G signal ghl from the operation means 
18 is chosen. On the other hand, in the case of the G signal g (2i+l, 2j) of a pixel location 
(2i+l, 2j) With the output ed 1= 1 from the judgment means 13, in the case of ed=2, the 
G signal gv2 from the operation means 24 is chosen, and, in the case of ed=3, the G 
signal gh2 from the operation means 19 is chosen for the G signal ga from the averaging 
means 14. In addition, what is necessary is to output ed 1= 0 and just to output G signal 
from the separation means 4 as it is from the judgment means 13, in the pixel location 
(2i, 2j) where G is obtained, and (2i+l, 2j+l) at this time. 

[0038] Therefore, a pixel location (2i, 2j), (2i, 2j+l), (2i+l, 2j), and G signal in each (2i+l, 
2j+l) pixel are outputted, that is, G signal of the resolution for several pixel minutes of 
an image sensor can be acquired from G component restoration means 6. Next, the 
output GO from this G component restoration means 6 is sent to 1st RB component 
restoration means 7 and the 2nd edge judging means 8, and 2nd RB component 
restoration means 9. 

[0039] next, a pixel location [ in / by the G signal GO which has R from the separation 
.means 4, B signal ( drawing 6 (a) and (b)), and the signal of all the pixels from the 
above-mentioned G component restoration means 6 with 1st RB component restoration 
means 7 / R and each B signal ] (2i, 2j) - restoration generation of the pixel is carried 
out by and (2i+l, 2j+l). Drawing 7 (a) and (b) are drawings showing R of each pixel for 



explaining calculation of R in 1st RB component restoration means 7, and B signal, and 
B, and R and the B pixel signal by which restoration generation is carried out in 1st RB 
component restoration means 7 are shown by the inside r and b of drawing. In the pixel 
location (2i, 2j) in R signal, the pixel of thing 2i line which adjoins horizontally is 
obtained from the image sensor 1, and all pixel restoration of the G signal is carried out 
by G component restoration means 6 ( drawing 5 ). Therefore, it is value Glhlpf and 
Rlhlpf which minded the horizontal low pass filter to G and R signal in the pixel 
location (2i, 2j) Glhlpf= (g(2i, 2j-l) +g (2i, 2j+l))/2 (13) 
Rlhlpf= (R(2i, 2j-l) +R (2i, 2j+l))/2 (14) 

It is alike, and computes more and the R signal r (2i, 2j) in a pixel location (2i, 2j) is 
computed by the degree type with the ratio and Pixel G (2i, 2j) of this Glhlpf and Rlhlpf. 
r(i [ 2 ], 2j) = G(i [ 2 ], 2j) x (Rl hlpffGlhlpf) 
= G(i [ 2 ], 2j) x (R(2i, 2j-l) +R (2i, 2j+l)) 
/(g(2i, 2j-l) +g (2i, 2j+l)) (15) 

[0040] Moreover, it sets in a pixel location (2i+l, 2j+l). Since the pixel of j+21 train 
which adjoins perpendicularly is obtained from the image sensor 1 and all pixel 
restoration of the G signal is carried out by G component restoration means 6 In a pixel 
location (2i+l, 2j+l), G, value Glvlpf which minded the vertical low pass filter to R 
signal, and Rlvlpf For example, Glvlp£= (g(2i, 2j+l) +g (2i+2, 2j+l))/2 (16) 
Rlvlp£= (R(2i, 2j+l) +R (2i+2, 2j+l))/2 (17) 

It is alike, and computes more and the R signal r (2i+l, 2j+l) in a pixel location (2i+l, 
2j+l) is computed by the degree type with the ratio and Pixel G (2i+l, 2j+l) of this 
Glvlpf and Rlvlpf. 

r(2i+l, 2j+l) =G(2i+l, 2j+l) x (Rl vlpflGlvlptf 
= G(2i+1, 2j+l) x (R(2i, 2j+l) +R (2i+2, 2j+l)) 
/(g(2i, 2j+l) +g (2i+2, 2j+D) (18) 

[0041] Similarly about B signal, the pixel of 2j trains which adjoin perpendicularly is 
obtained from the image sensor 1 in the pixel location (2i, 2j), and all pixel restoration of 
the G signal is carried out by G component restoration means 6 ( drawing 5 ). Therefore, 
it is value Glvlpf and Blvlpf which minded the vertical low pass filter to G and B signal 
in the pixel location (2i, 2j) Glvlpf^ (g(2rl, 2j) +g (2i+l, 2j))/2 (19) 
Blvlpf= (B(2M, 2j) +B (2i+l, 2j))/2 (20) 

.It is alike, and computes more and the B signal b (2i, 2j) in a pixel location (2i, 2j) is 
computed by the degree type with the ratio and Pixel G (2i, 2j) of this Glvlpf and Blvlpf. 
b(i [ 2 ], 2j) = G(i [ 2 ], 2j) x (Bl vlpffGlvlpf) 
= G(i [ 2 ], 2j) x (B(2r 1, 2j) +B (2i+l, 2j)) 



/(g(2rl,2j) +g (2i+l,2j)) (21) 

[0042] Moreover, in the pixel location (2i+l, 2j+l), the pixel of thing 2i+l line which 
adjoins horizontally is obtained from the image sensor 1, and all pixel restoration of the 
G signal is carried out by G component restoration means 6. Therefore, it is value 
Glhlpf and Blhlpf which minded the horizontal low pass filter to G and B signal in the 
pixel location (2i+l, 2j+l) Glhlpf^ (g(2i+l, 2j) +g (2i+l, 2j+2))/2 (22) 
Blhlpf= (B(2i+1, 2j) +B (2i+l, 2j+2))/2 (23) 

It is alike, and computes more and the B signal b (2i+l, 2j+l) in a pixel location (2i+l, 
2j+l) is computed by the degree type with the ratio and Pixel G (2i+l, 2j+l) of this 
Glhlpf and Blhlpf. 

b(2i+l, 2j+l) =G(2i+l, 2j+l) x (Bl hlpffGlhlpfl 
= G(2i+1, 2j+l) x (B (2i+l, 2j)) 
+ B (2i+l, 2j+2) 

/(g(2i+l, 2j) +g (2i+l, 2j+2)) (24) 

[0043] In addition, the above-mentioned formula (15), (18), (21), and (24) are premised 
on that there is little change of the chrominance signal in a local field like the 
restoration approach in Above G, that is, the ratio of each signal is because it is almost 
equal in a local field. Moreover, it may be the example of calculation of a vertical low 
pass filter output, and the number of taps and multiplier of a filter may not be restricted 
above, and may be [ that the formula of Glhlpf in formula (13) - (24), Glvlpf, Rlhlpf, 
Rlvlpf, Blhlpf, and Blvlpf is level, and ] other numbers of taps and multipliers. And 
from 1st RB component restoration means 7, the pixel signals Rl and Bl of R, r, and B 
and b shown in drawing 7 are outputted, and it is sent to 2nd RB component restoration 
means 9. 

[0044] Next, drawing 4 explains actuation of 2nd RB component restoration means 9 
and the 2nd edge judging means 8. in the 2nd edge judging means 8, the G signal GO 
outputted from G component restoration means 6 is inputted into the horizontal edge 
detection means 30 and the perpendicular direction edge judging means 31 - having a 
pixel location (2i, 2j+l) - and (2i+l, 2j) detects, the difference, i.e., the edge component, 
of the right and left by the pixel, and an up-and-down pixel. With the horizontal edge 
detection means 30, absolute value deltaH of the difference of the pixel of right and left 
in the above-mentioned pixel location is obtained, this is outputted to the judgment 
.means 32, absolute value deltaV of the difference of an up-and-down pixel is obtained 
with the perpendicular direction edge detection means 31, and it outputs to the 
judgment means 32. For example, it sets in the above-mentioned pixel location (2i, 2j+l). 
With the horizontal edge detection means 30, deltaH=|G(i [ 2 ], 2j)-G(2i, 2j+2) | is 



computed, with the perpendicular direction edge detection means 31, delta V=| G(2rl, 
2j+l)-G(2i+l, 2j+l) | is computed, and Above delta H and delta V is sent to the 
judgment means 32. Hereafter, the absolute value of the difference of this pixel is called 
an edge component. 

[0045] Although the signal which judges change of the signal level in the circumference 
pixel in a level perpendicular direction, and shows the judgment result by edge 
component deltaH in a horizontal direction and perpendicular direction edge component 
deltaV is outputted with the above-mentioned judgment means 32 Here, by RB 
component restoration means 7 of the above 1st, by the R signal Rl, pixel signals other 
than a pixel location (2i+l, 2j) are acquired ( drawing 7 (a)), and pixel signals other than 
a pixel location (2i, 2j+l) are acquired by the B signal Bl ( drawing 7 (b)). Therefore, as 
a result of judging the edge component in a pixel location (2i+l, 2j), edr is outputted to 
restoration of the pixel location (2i+l, 2j) of R signal, and on the other hand, as a result 
of judging the edge component in a pixel location (2i, 2j+l), edb is outputted to 
restoration of the pixel location (2i, 2j+l) of B signal. That is, in the judgment result edr 
in a pixel location (2i+l, 2j), and the judgment result edb in a pixel location (2i, 2j+l), 
when it is two or less value th which both delta H and delta V defined beforehand, it 
judges with there being no change of the signal level in a circumference pixel, for 
example, outputs as edr=l and edb=l. It judges with there being an edge component in 
the pixel, when larger than the value th2 which delta H or delta V defined beforehand 
on the other hand, and, in delta H>delta V, it judges with correlation being high 
perpendicularly further, for example, edr=2 and edb=2 are outputted, and, in delta 
H<=delta V, it judges with correlation being horizontally high, for example, edr=3 and 
edb=3 are outputted. In addition, it is not necessary to judge an edge component in the 
pixel location where R and B are obtained, and edr=0 and edb=0 shall be outputted from 
the judgment means 32. And it is sent to B [ in / it passes R switch means 36, and / in an 
output edb / 2nd RB component restoration means 9 ] switch [ in / in the output edr of 
the judgment means 32 / 2nd RB component restoration means 9 ] means 40. 
[0046] Next, in 2nd RB component restoration means 9, R signal output Rl from 1st RB 
component restoration means 7 is inputted into R averaging means 33, R horizontal 
operation means 34 and R perpendicular direction operation means 35, and R switch 
means 36. Drawing 8 (a) is drawing for explaining restoration of R signal of a pixel 
.location (2i+l, 2j) in 2nd RB component restoration means 9, the pixels shown all over 
[ R and r ] drawing are the signal acquired with the image sensor, and the pixel signal 
restored in RB restoration means 7 of the above 1st, and, therefore, the signal of r' pixel 
shown with the slash will be searched for. First, with R averaging means 33, the 



average ra of 4pixelR (2i, 2j-l) which adjoins in the direction of slant in a pixel location 
(2i+l, 2j), and R (2i, 2j+l), R (2i+2, 2j l) and R (2i+2, 2j+l) is computed by the degree 
type in the R signal Rl. 

ra(2i+l, 2j) = {R(2i, 2j-l)+R(2i, 2j+l)+R(2i+2, 2j-l)+R (2i+2, 2j+l)}/4 [0047] With R 
horizontal operation means 34, the G signal GO ( drawing 5 ) from G component 
restoration means 6 is also inputted, and it sets in the pixel location (2i+l, 2j) of R and 
G signal. Value R2hlpf and G2hlpf through a horizontal low pass filter For example, 
R2hlp£= (r(2i+l, 2j-l) +r (2i+l, 2j+l))/2 (25) 
G2hlp£= (G(2i+1, 2j-l) +G (2i+l, 2j+l))/2 (26) 

It is alike, and computes more, and the pixel value rh which has correlation in the 
horizontal direction of (2i+l, 2j) by the operation of a degree type by the ratio and Pixel 
g (2i+l, 2j) of this R2hlpf and G2hlpf is computed and outputted. 
rh(2i+l, 2j) =g(2i+l, 2j) x (R2 hlpffG2hlp£> 
= g(2i+l,2j) 

x (r(2i+l, 2j-l) +r (2i+l, 2j+l)) 
/(G(2i+1, 2j-l) +G (2i+l, 2j+l)) (27) 

[0048] It is value R2vlpf and G2vlpf which the G signal GO from G component 
restoration means 6 is also inputted with R perpendicular direction operation means 35, 
and minded the vertical low pass filter in the pixel location (2i+l, 2j) in R and G signal 
R2vlp£= (r(i [ 2 ], 2j) +r (2i+2, 2j))/2 (28) 
G2vlp£= (G(i [ 2 ], 2j) +G (2i+2, 2j))/2 (29) 

It is alike, and computes more, and the pixel value rv which has correlation in the 
perpendicular direction of (2i+l, 2j) by the operation of a degree type by the ratio and 
Pixel g (2i+l, 2j) of this R2vlpf and G2vlpf is computed and outputted. 
rv(2i+l, 2j) =g(2i+l, 2j) x (R2 vlpffG2vlp£> 
= g(2i+l, 2j) x (r(i [ 2 ], 2j) +r (2i+2, 2j)) 
/(G(i [ 2 ], 2j) +G (2i+2, 2j)) (30) 

[0049] In addition, by the above-mentioned formula (27) and (30) being premised on few 
things by change of the chrominance signal in a local field as mentioned above, that is, 
saying that the ratio of each signal is almost equal in a local field Moreover, the formula 
of G2hlpf in formula (25) - (30), G2vlpf, R2hlpf, and R2vlpf It may be the example of 
calculation of a vertical low pass filter output, and the number of taps and multiplier of 
a filter may not be restricted above, and may be [ level and ] other numbers of taps and 
multipliers. And both the above-mentioned outputs rh and rv are sent to R switch 
means 36. 

[0050] With R switch means 36, as a result of judging signal level change of the 



circumference pixel from the judgment means 32 in the 2nd edge judging means 8, 
based on edr, the signal of a pixel location (2i+l, 2j) is chosen from the signal from the 
above-mentioned R averaging means 33, R horizontal operation means 34 and R 
perpendicular direction operation means 35, and 1st RB component restoration means 7, 
and is switched. That is, when the output signal edr by the judgment means 32 shows '2' 
(i.e., although judged with there being an edge component in the pixel, when being 
perpendicularly judged with correlation being high by delta H>delta V), the signal rv of 
an R perpendicular direction operation means 35 to output R which has correlation 
perpendicularly is chosen. When the output signal edr by the judgment means 32 shows 
'3' (i.e., although judged with there being an edge component in the pixel, when being 
judged with correlation being horizontally high by delta H<=delta V), the signal of an R 
horizontal operation means 34 to output R which has correlation horizontally is chosen. 
Furthermore, when the output signal edr by the judgment means 32 shows T, since it is 
judged with both delta H and delta V being two or less values th defined beforehand, 
and there being no change of the signal level in a circumference pixel, it is not necessary 
to take change of a frequency into consideration, and the R signal ra by R averaging 
means 33 is chosen. In addition, what is necessary is to output edr=0 and just to output 
R signal from 1st RB component restoration means 7 as it is from the judgment means 
32, in the pixel location (2i, 2j) where R is obtained, (2i, 2j+l), and (2i+l, 2j+l) at this 
time. 

[0051] It is the same as that of processing with the above-mentioned R signal also about 
B signal, and B signal output Bl from 1st RB component restoration means 7 is 
inputted into B averaging means 37, B horizontal operation means 38 and B 
perpendicular direction operation means 39, and B switch means 40 in 2nd RB 
component restoration means 9. Drawing 8 (b) is drawing for explaining restoration of B 
signal of a pixel location (2i, 2j+l) in 2nd RB component restoration means 9, the pixels 
shown all over [ B and b ] drawing are the signal acquired with the image sensor, and 
the pixel signal restored in RB restoration means 7 of the above 1st, and, therefore, the 
signal of b' pixel shown with the slash will be searched for. First, with B averaging 
means 37, the average ba of 4 pixels which adjoins in the direction of slant in a pixel 
location (2i, 2j+l) is computed by the degree type in the B signal Bl. 
ba(2i, 2j+l) = {B(2i-1, 2j) +B(2rl, 2j+2) +B(2i+1, 2j) +B (2i+l, 2j+2)}/4 [0052] It is value 
B-2hlpf and G3hlpf which the G signal GO ( drawing 5 ) from G component restoration 
means 6 is also inputted with B horizontal operation means 38, and minded the 
horizontal low pass filter in the pixel location (2i, 2j+l) in B and G signal B-2hlpf= (b(i 
[2], 2j)+b (2i, 2j+2))/2 (31) 



G3hlp£= (G(i [ 2 ], 2j) +G (2i, 2j+2))/2 (32) 

It is alike, and computes more, and the pixel value bh which has correlation in the 
horizontal direction of (2i, 2j+l) by the operation of a degree type by the ratio and Pixel 
g (2i, 2j+l) of this B-2hlpf and G3hlpf is computed and outputted. 
bh(2i, 2j+l) =g(2i, 2j+l) x (B-2hlpffG3hlpf) 
= g(2i, 2j+l) x (b(i [ 2 ], 2j) +b (2i, 2j+2)) 
/(G(i [ 2 ], 2j) +G (2i, 2j+2)) (33) 

[0053] It is value B-2vlpf and G3vlpf which the G signal GO from G component 
restoration means 6 is also inputted with B perpendicular direction operation means 39, 
and minded the vertical low pass filter in the pixel location (2i, 2j+l) in B and G signal 
B-2vlpf^ (b(2M, 2j+l) +b (2i+l, 2j+D) / 2 (34) 
G3vlpf= (G(2M, 2j+l) +G (2i+l, 2j+l))/2 (35) 

It is alike, and computes more, and the pixel value bv which has correlation in the 
perpendicular direction of (2i, 2j+l) by the operation of a degree type by the ratio and 
Pixel g (2i, 2j+l) of this B-2vlpf and G3vlpf is computed and outputted. 
bv(2i, 2j+l) =g(2i, 2j+l) x (B-2vlpffG3vlp£> 
= g(2i, 2j+l) x (b(2i-l, 2j+l) +b (2i+l, 2j+l)) 
/(G(2rl, 2j+l) +G (2i+l, 2j+l)) (36) 

[0054] In addition, by the above-mentioned formula (33) and (36) being premised on few 
things by change of the chrominance signal in a local field as mentioned above, that is, 
saying that the ratio of each signal is almost equal in a local field Moreover, the formula 
of G3hlpf in formula (31) - (36), G3vlpf, B-2hlpf, and B-2vlpf It may be the example of 
calculation of a vertical low pass filter output, and the number of taps and multiplier of 
a filter may not be restricted above, and may be [ level and ] other numbers of taps and 
multipliers. And both the above-mentioned outputs bh and bv are sent to B switch 
means 40. 

[0055] With B switch means 40, as a result of judging signal level change of the 
circumference pixel from the judgment means 32 in the 2nd edge judging means 8, 
based on edb, the signal of a pixel location (2i, 2j+l) is chosen from the signal from the 
above-mentioned B averaging means 37, B horizontal operation means 38 and B 
perpendicular direction operation means 39, and 1st RB component restoration means 7, 
and is switched. That is, when the output signal edb by the judgment means 32 shows 
'2 f (i.e., although judged with there being an edge component in the pixel, when being 
perpendicularly judged with correlation being high by delta H>delta V), the signal bv of 
an R perpendicular direction operation means 39 to output R which has correlation 
perpendicularly is chosen. When the output signal edb by the judgment means 32 shows 



'3' (i.e., although judged with there being an edge component in the pixel, when being 
judged with correlation being horizontally high by delta H<=delta V), the signal of a B 
horizontal operation means 38 to output B which has correlation horizontally is chosen. 
Furthermore, when the output signal edb by the judgment^ means 32 shows T, since it 
is judged with both delta H and delta V being two or less values th defined beforehand, 
and there being no change of the signal level in a circumference pixel, it is not necessary 
to take change of a frequency into consideration, and the B signal ba by B averaging 
means 37 is chosen. In addition, what is necessary is to output edb=0 and just to output 
B signal from 1st RB component restoration means 7 as it is from the judgment means 
32, in the pixel location (2i, 2j) where B is obtained, (2i+l, 2j), and (2i+l, 2j+l) at this 
time. 

[0056] as mentioned above, if a pixel location (2i, 2j), (2i, 2j+l), (2i+l, 2j), R in each (2i+l, 
2j+l) pixel, and B signal are outputted, that is, R of the resolution for several pixel 
minutes of an image sensor and B signal can be acquired, it will come to be alike from 
2nd RB component restoration means 9 G signal has already acquired the signal of the 
resolution for several pixel minutes of an image sensor in the above-mentioned G 
component restoration means 6. Therefore, judge the edge component of a level 
perpendicular direction using G component, and change of the spatial frequency in a 
local field is judged. In calculation of a signal in case [ which switches generation of each 
chrominance signal based on the judgment result ] an edge component both exceeds a 
predetermined value Since it computes by the ratio of the chrominance signal in a local 
field and an edge component asks by the average of a circumference pixel below at a 
predetermined value therefore, the image with which a false color and false coutour 
were mitigated will be obtained. 

[0057] Drawing 9 shows the relation of the false color level (color-alias level, axis of 
ordinate) and resolution (axis of abscissa) which are generated in the horizontal 
direction at the time of processing a zone plate by image simulation, shows the false 
color level after processing by the conventional technique by above-mentioned drawing 
20 with a wavy line, and shows the false color level after processing by the gestalt 1 of 
operation by drawing 2 as the continuous line. Although many false colors have 
occurred in processing by the Prior art, generating of a false color is oppressed in 
processing by the gestalt 1 of operation. When each processing integrates with and 
compares the level of this horizontal false color signal, there is about 18.4dB oppression 
effectiveness. 

[0058] Moreover, drawing 10 shows the relation of the false color level (color-alias level, 
axis of ordinate) and resolution (axis of abscissa) in a perpendicular direction to 



generate, like the above, shows the false color level after processing by the conventional 
technique by above-mentioned drawing 20 with a wavy line, and shows the false color 
level after processing by the gestalt 1 of operation by drawing 2 as the continuous line. 
Although many false colors have occurred in processing by the Prior art, by processing 
by the gestalt 1 of operation, generating of a false color is oppressed, and when the level 
of a vertical false color signal is integrated with and compared, there is about 18.5dB 
oppression effectiveness. 

[0059] Furthermore, drawing 11 and drawing 12 are drawings having computed the 
level of the luminance signal in the horizontal direction at the time of processing a zone 
plate by image simulation from the RGB code, and having shown resolution on the axis 
of abscissa at the axis of ordinate, and show the case after processing by the 
conventional technique according the case after processing by the gestalt 1 of operation 
by drawing 2 to above-mentioned drawing 20 to drawing 11 at drawing 12 . Moreover, in 
after processing by the conventional technique by above-mentioned drawing 20 , the 
relation of the level of a luminance signal and resolution in a perpendicular direction is 
shown for the case after processing by the gestalt 1 of operation by drawing 2 in 
drawing 13 at drawing 14 . a horizontal and a perpendicular direction - also to which, 
as compared with processing by the Prior art, there are few falls of level and the 
resolution of a level perpendicular direction is improving by processing by the gestalt 1 
of operation. 

[0060] In addition, it is the color filter of the primary color which shows the array of the 
color filter of an image sensor 1 to drawing 1 with the gestalt 1 of the above-mentioned 
implementation, the image sensor of the method which calls each optoelectric 
transducer independently - carrying out - a pixel location (2i, 2j) and a pixel location 
(2i+l, 2j+l) (i= 0, 1 and 2, and -) The 1st color filter with the spectral characteristic 
which makes j= 0, 1 and 2, and - pass G signal Although it explained [ ****** ] w hen 
the 3rd color filter with the spectral characteristic which makes a pixel location (2i+l, 
2j) pass B signal for the 2nd color filter which had the spectral characteristic which 
passes R signal in the pixel location (2i, 2j+l) was arranged The spectral characteristic 
of the 1st, 2nd, and 3rd color filters is not what is restricted to R, G, and B. an image 
sensor - it can set - For example, as you may be the image sensor of a pixel mixing 
method and it is shown in drawing 15 a pixel location (2i, 2j) and a pixel location (2i+l, 
2j+l) (i= 0, 1 and 2, and -) The 1st color filter with the spectral characteristic which 
makes j= 0, 1 and 2, and - pass the 1st signal A The 2nd color filter which had the 
spectral characteristic which passes the 2nd signal B in the pixel location (2i, 2j+l) The 
3rd color filter which had the spectral characteristic which passes the 3rd signal C in 



the pixel location (2i+l, 2j) is arranged, and after processing of the gestalt 1 of the 
above-mentioned implementation restores the signal of each A [ of several pixel minutes 
of an image sensor ], and B and C, the same effectiveness as the above is done so that 
what is necessary is just to be able to reproduce the chrominance signal of RGB. 
[0061] moreover - the gestalt 1 of the above-mentioned implementation - the array of 
the color filter of the image sensor of drawing 1 and drawing 15 - a pixel location (2i, 2j) 
and a pixel location (2i+l, 2j+l) (i= 0, 1 and 2, and ••) Although the 1st color filter was 
explained [ ****** ] to j= 0, 1 and 2, and when the 2nd color filter was arranged in a 
pixel location (2i, 2j+l) and the 3rd color filter was arranged in a pixel location (2i+l, 2j) 
( drawing 1 , shadow area in 15) it is shown in drawing 16 - as - a pixel location (2i, 
2j+l) and a pixel location (2i+l, 2j) (i= 0, 1 and 2, and --) The 1st color filter to j= 0, 1 and 
2, and - in a pixel location (2i, 2j) the 2nd color filter The effectiveness that it is the 
same even when the 3rd color filter is arranged in a pixel location (2i+l, 2j+l) (shadow 
area in drawing 16 ) is done so. The 1st color filter and the 2nd color filter are arranged 
by n lines for 4 pixels of every upper and lower sides, in n+1 line, the 3rd color filter and 
1st color filter are arranged, and the 1st filter should just be arranged by the pixel of the 
direction of slant in up-and-down Rhine. 

[0062] In the gestalt 1 of the above-mentioned implementation, moreover, the signal 
which shows the judgment result in the 1st edge judging means 5 and the 2nd edge 
judging means 8 Although the case where it outputs as V 1 in the pixel location where it 
is referred to as T when both delta H and delta V are below the values defined 
beforehand, it judges with there being an edge component, it is referred to as '2' in when 
it is deltaH>deltaV, and it is made into '3' in delta H<=delta V, and the pixel signal is 
acquired is explained You may be other values as long as it outputs not the thing to 
restrict to this but the signal which can distinguish each judgment result. 
[0063] In addition, although the gestalt 1 of the above-mentioned implementation 
explains the case where the configuration of drawing 2 is processed by hardware, to say 
nothing of the ability to perform same processing with the software in image pick-up 
equipment, the same effectiveness as the gestalt 1 of the above-mentioned 
implementation is done so. 

[0064] With the gestalt 1 of gestalt 2. implementation of operation, it sets for the 1st 
edge judging means 5. By and (2i+l, 2j), judge the edge component in four directions 
and it sets for the 2nd edge judging means 8. the pixel location (2i, 2j+l) in G signal - 
Although it constituted so that the edge component in a pixel location [ in / for the edge 
component in the pixel location (2i+l, 2j) in G signal / G signal ] (2i, 2j+l) might be 
judged to restoration of B signal to restoration of R signal Both have detected the right 



and left by the pixel location (2i, 2j+l), and (2i+l, 2j), and the edge component of an 
up-and-down pixel, and since the pixel signal of the four directions in these pixel 
locations is a signal acquired from the image sensor, it will ask for the same edge 
component, therefore, a pixel location [ in / as shown in drawing 17 / by one G 
component edge judging means / G signal ] (2i, 2j+l) - it can also consider as a 
configuration which judges an edge component by and (2i+l, 2j). 

[0065] In drawing 17 , it reaches, and 9 is 1-4, 6-7, and what of the above-mentioned 
implementation is the same as that of the image pick-up equipment in a gestalt 1, and 
41 is G component edge judging means, and is constituted by the horizontal edge 
detection means 42, the perpendicular direction edge detection means 43, and the 
judgment means 44. 

[0066] Next, actuation is explained. Each pixel signals R, G, and B are read from an 
image sensor 1, and A/D conversion is carried out by A/D converter 2, it is inputted into 
a frame memory 3, and the separation means 4 separates each R, G, and B signal, and 
since the actuation which generates each signal of the number of pixels of an image 
sensor, and is restored with G component restoration means 6, 1st RB restoration 
means 7, and 2nd RB restoration means 9 is the same as that of the gestalt 1 of the 
above-mentioned implementation, the detailed explanation is omitted. 
[0067] G signal ( drawing 18 ) in the separation means 4 is inputted into G component 
edge judging means 41, and it is given to the horizontal edge detection means 42 within 
G component edge judging means 41, and the perpendicular direction edge detection 
means 43. It detects in the horizontal edge detection means 42 and the perpendicular 
direction edge detection means 43, the difference, i.e., the edge component, of right and 
left in a pixel location (2i, 2j+l), and an up-and-down pixel, (pixel shown with the slash 
in drawing 18 (2i+l, 2j)) That is, with the horizontal edge detection means 42, absolute 
value deltaHg of the difference of the pixel of right and left in the above-mentioned pixel 
location is obtained, this is outputted to the judgment means 44, absolute value delta Vg 
of the difference of an up-and-down pixel is obtained with the perpendicular direction 
edge detection means 43, and it outputs to the judgment means 55. For example, it sets 
in a pixel location (2i, 2j+l). With the horizontal edge detection means 42, deltaHg= | G(i 
[2 ], 2j)-G(2i, 2j+2) | is computed, deltaVg=| G(2M, 2j+l)-G(2i+l, 2j+l) | is computed 
with the perpendicular direction edge detection means 43, and Above delta Hg and delta 
Vg is sent to the judgment means 44. 

[0068] With the above-mentioned judgment means 44, according to each pixel location of 
G signal inputted, the signal ed 1 which judges change of the signal level in the 
circumference pixel in a level perpendicular direction, and shows the judgment result by 



edge component deltaHg in a horizontal direction and perpendicular direction edge 
component delta Vg is outputted to G component restoration means 6, and edr and edb 
are outputted to 2nd RB component restoration means 9. When both delta Hg and delta 
Vg are below the values defined beforehand, each judgment signal judges with there 
being no change of the signal level in a circumference pixel, for example, is set to T. On 
the other hand, when delta Hg or delta Vg is larger than the value defined beforehand, 
it judges with there being an edge component in the pixel, and, in delta Hg>delta Vg, it 
judges with correlation being high perpendicularly further, for example, is referred to as 
'2\ and, in delta Hg<=delta Vg, it judges with correlation being horizontally high, for 
example, is referred to as '3'. In order to restore a pixel location (2i, 2j+l) and the pixel 
in (2i+l, 2j) in G component restoration means 6 here, In both the pixel location, the 
above-mentioned edge judging result is outputted as edl, and ed 1= 0 is outputted in the 
pixel location (2i, 2j) where G is obtained, and (2i+l, 2j+l). And the output ed 1 of the 
judgment means 44 is sent to the switch means 25 in G component restoration means 6. 
[0069] On the other hand, in 2nd RB component restoration means 9, the pixel location 
(2i+l, 2j) of R signal is restored, and the pixel location (2i, 2j+l) of B signal is restored. 
Therefore, the result of having judged the above-mentioned edge component in the pixel 
location (2i+l, 2j) is set to edr. It outputs doubling timing with the pixel location in 2nd 
RB component restoration means 9 to process, and edr=0 is outputted in other pixel 
locations (2i, 2j), (2i, 2j+l), and (2i+l, 2j+l). And the output edr of the judgment means 
44 is sent to R switch means 36 in 2nd RB component restoration means 9. On the other 
hand, it is outputted, doubling timing with the pixel location in 2nd RB component 
restoration means 9 to process, using as edb the result of having judged the 
above-mentioned edge component in the pixel location (2i, 2j+l), and edb=0 is outputted 
in other pixel locations (2i, 2j), (2i+l, 2j), and (2i+l, 2j+l). And the output edb of the 
judgment means 44 is sent to B switch means 40 in 2nd RB component restoration 
means 9. 

[0070] Therefore, in G component edge judging means 41, the judgment result of the 
edge component in G signal corresponding to the pixel location which restores G in the 
above-mentioned G component restoration means 6 and 2nd RB component restoration 
means 9, R, and B signal will be outputted. 

[0071] In addition, with the gestalt 2 of the above-mentioned implementation, although 
R signal explained to the pixel location (2i, 2j+l) the case where B signal was acquired 
from an image sensor at the pixel location (2i+l, 2j+l), G signal to a pixel location (2i, 
2j), and (2i+l, 2j+l) Like the gestalt 1 of the above-mentioned implementation, R signal 
may be arranged in a pixel location (2i, 2j), and B signal may be arranged by a pixel 



location (2i, 2j+l), and (2i+l, 2j) in the pixel location (2i+l, 2j+l), and G signal does not 
restrict a chrominance signal to them at RGB. 

[0072] Moreover, to say nothing of the ability to perform same processing with software 
[ in / for processing of the configuration of drawing 17 / image pick-up equipment ], in 
the gestalt 2 of operation, the same effectiveness as the gestalt 2 of the above-mentioned 
implementation is done so like the gestalt 1 of the above-mentioned implementation. 
[0073] 

[Effect of the Invention] Since this invention is constituted as explained above, it does 
effectiveness as taken below so. 

[0074] According to the image pick-up equipment concerning this invention, the 1st 
color filter with a pixel location (2i, 2j) (i= 0, 1 and 2, - and j= 0, 1 and 2, ■-) and the 
spectral characteristic which makes (2i+l, 2j+l) pass the 1st chrominance signal The 
2nd color filter which had the spectral characteristic which passes the 2nd chrominance 
signal in the pixel location (2i, 2j+l), In the image sensor with which 4 pixels of upper 
and lower sides which arranged the 3rd color filter which had the spectral characteristic 
which passes the 3rd chrominance signal in the pixel location (2i+l, 2j) were repeatedly 
arranged to the perpendicular horizontal direction In the pixel location (2i, 2j+l) of the 
1st chrominance signal read with the 1st color filter, and (2i+l, 2j) Based on a 
circumference pixel signal, judge an edge component, and it is based on this judgment 
result. Compute the signal in the above-mentioned pixel location of the 1st chrominance 
signal with the 1st, 2nd, and 3rd chrominance signals, and the 1st chrominance signal 
of the number of pixels of an image sensor is restored. The image with which a false 
color and false coutour were mitigated can be obtained by computing the 2nd and 3rd 
chrominance signals based on the above-mentioned edge judging result with the 1st 
chrominance signal and the chrominance signal from each color filter which were 
restored, and acquiring the 2nd and 3rd chrominance signal of the number of pixels of 
an image sensor. 

[0075] Moreover, according to the image pick-up equipment concerning this invention, 
an edge judging means computes the absolute value of the difference of the contiguity 
pixel of the right and left in the predetermined pixel of the 1st chrominance signal, and 
horizontal edge component deltaH is detected. Compute the absolute value of the 
difference of an up-and-down pixel, and vertical edge component deltaV is detected. 
Based on horizontal edge component deltaH and vertical edge component delta V, by [ in 
said predetermined pixel / which judge level or a vertical edge component ] judging 
Change of the level in a local field and vertical spatial frequency can be judged, and the 
image with which a false color and false coutour were mitigated can be obtained. 



[0076] According to the image pick-up equipment concerning this invention, moreover, 
the judgment means in said edge judging means When output deltaH from the 
above-mentioned horizontal edge detection means or output deltaV from the 
above-mentioned perpendicular direction edge detection means is larger than the value 
defined beforehand While judging with it supposing that the edge component was 
detected to the circumference pixel of a predetermined pixel, there being correlation 
perpendicularly further if it is deltaH>deltaV, and there being correlation more 
horizontally if it is deltaH<=deltaV When both above delta H and delta V is smaller 
than the value defined beforehand, by judging with not detecting an edge component, 
change of the level in a local field and vertical spatial frequency can be judged, and the 
image with which a false color and false coutour were mitigated can be obtained. 
[0077] Moreover, according to the image pick-up equipment concerning this invention, a 
means to compute the 1st chrominance signal and to restore sets in the location (l=2i, 
m=2j+l or l=2i+l, m=2j) of the predetermined pixel [ of 1 lines ] m train B with the 2nd 
chrominance signal B (1, m). the value Ahlpf (1 --) which the 1st chrominance signal A 
and the 2nd chrominance signal B were alike, respectively, and received and minded the 
horizontal low pass filter Compute m) and Bhlpf (1, m) and with the pixel value B (1, m) 
of the ratio of Ahlpf (1, m) and Bhlpf (1, m) which are an output signal from said 
horizontal low pass filter, and the above-mentioned pixel location the pixel value A in 
the 1st chrominance signal A of a 1 line m train (1, m) - A (1 --) m) A horizontal signal 
calculation means to compute by =B(1, m) x {AhlpfQ, m)/Bhlpf (1, m)}, and to compute the 
pixel value in the 1st chrominance signal A similarly in other pixel locations with the 
3rd chrominance signal C, In the location of the above-mentioned predetermined pixel 
[ of 1 lines ] m train B (1, m) The 1st chrominance signal A the value Avlpf (1 -) which the 
2nd chrominance signal B was alike, respectively, and received and minded the vertical 
low pass filter Compute m) and Bvlpf (1, m) and with the pixel value B (1, m) of the ratio 
of Avlpf (1, m) and Bvlpf (1, m) which are an output signal from said perpendicular 
direction low pass filter, and the above-mentioned pixel location the pixel value A (1, m) 
which is the 1st chrominance signal A of a 1 line m train - A(l, m) =B (1 -) m) A 
perpendicular direction signal calculation means to compute by x {Avlpfft, m)/Bvlpf (1, 
m)}, and to compute the pixel value in the 1st chrominance signal A similarly in other 
pixel locations with the 3rd chrominance signal C, the pixel value [ in / from the average 
of the contiguity pixel of the four directions in the location of the above-mentioned 
predetermined pixel / of 1 lines / m train in the 1st chrominance signal A / the 1st 
chrominance signal A of a 1 line m train ] A (1 --) It has an average-value calculation 
means to compute m), and is based on the output of the above-mentioned edge judging 



means. The output or perpendicular direction signal calculation means output of the 
above-mentioned horizontal signal calculation means, Or the image with which a false 
color and false coutour were mitigated can be obtained by choosing from the output from 
an averaging means, acquiring the pixel value A of the 1st chrominance signal A in an 
above-mentioned predetermined pixel [ of 1 lines ] m train (1, m), and acquiring the 1st 
chrominance signal of the number of pixels in an image sensor. 

[0078] According to the image pick-up equipment concerning this invention, moreover, a 
means to compute said 1st chrominance signal When it judges with the output of the 
above-mentioned edge judging means not detecting an edge component in a 
predetermined pixel [ of 1 lines ] m aisle location, the output of the above-mentioned 
averaging means is chosen. When it judges with correlation being perpendicularly, the 
output of the above-mentioned perpendicular direction signal calculation means is 
chosen. The image with which a false color and false coutour were mitigated can be 
obtained by choosing the output of the above-mentioned horizontal signal calculation 
means, when it judges with there being correlation horizontally, and acquiring the 1st 
chrominance signal of the number of pixels in an image sensor. 

[0079] Moreover, according to the image pick-up equipment concerning this invention, a 
means to compute the 2nd and 3rd chrominance signal and to restore sets in the 
location (l=2i, m=2j or l=2i+l, m=2j+l) of a predetermined pixel [ of 1 lines ] m train, 
value Alhlpf (1 --) which minded the horizontal low pass filter to the output A from a 
means to compute the 1st chrominance signal of the above Value Alvlpf (1, m) through 
m) and a perpendicular direction low pass filter is computed, value Blhlpf (1 --) which 
minded the horizontal low pass filter to the 2nd chrominance signal B Value Clvlpf 
which minded the vertical low pass filter to m) and the 3rd chrominance signal C (1, m) 
0 or value Blvlpf (1 -) which minded the vertical low pass filter to the 2nd chrominance 
signal B m) and value Clhlpf (1, m) which minded the horizontal low pass filter to the 
3rd chrominance signal C are computed. The ratio of Alhlpf (1, m) and Blhlpf (1, m) (or 
ratio with Clhlpf (1, m)), The ratio of Alvlpf (1, m) and Clvlpf (1, m) 0 or the pixel value 
A (1 --) in the predetermined pixel [ of 1 lines ] m train in the output A from a ratio with 
Blvlpf (1, m), and a means to compute the 1st chrominance signal the pixel value B in 
the 2nd chrominance signal B of m) to a 1 line m train, and the 3rd chrominance signal C 
(1 -) m) and C (1, m) - B(l, m) =A(1, m) x{Blhlpf (1 •-) m) /Alhlpftl, m)}, C(l, m) =A(1, m) x 
{Clvlpftt, m)/Alvlpf (1, m)} 0, or B(l, m) =A(1, m) x{BlvlpfQ, m)/Alvlpf (1 --) m)}, C(l, m) 
=A(1, m) x{Clhlpf (1, m) While having a signal calculation means to compute by /AlhlpfCl, 
m)} In the location (x=2i+l, y=2j or x=2i, y=2j+l) of a different predetermined pixel [ of x 
lines ] y train from the location of the above-mentioned 1 line m train value A2hlpf (x ~) 



which minded the horizontal low pass filter to the output A from a means to compute 
the 1st chrominance signal of the above value B-2hlpf (x --) which minded the horizontal 
low pass filter to the 2nd chrominance signal B in the output from y) and said signal 
calculation means y) is computed. With the pixel value A (x y) in the pixel [ of x lines ] y 
train in the output A from the calculation means of the ratio of A2hlpf (x y) and B-2hlpf 
(x y), and the above 1st the 2nd chrominance signal B in the location of a x line y train (x 
y) - B(x y) =A (x ■-) y) A horizontal signal calculation means to compute by x {B-2hlpf(x 
y)/A2hlpf (x y)}, and to compute C signal similarly in the 3rd chrominance signal C, 
value A2vlpf (x --) which minded the vertical low pass filter to the output A from a 
means to compute the 1st chrominance signal of the above value B-2vlpf (x ■-) which 
minded the vertical low pass filter to the 2nd chrominance signal B in the output from 
y) and said signal calculation means y) is computed. With the pixel value A (x y) in the 
pixel [ of x lines ] y train in the output A from the calculation means of the ratio of 
A2vlpf (x y) and B2vlpf (x y), and the above 1st the 2nd chrominance signal B in the 
location of a x line y train (x y) -- B(x y) =A (x --) y) A perpendicular direction signal 
calculation means to compute by x {B-2vlpflx y)/A2vlpf (x y)}, and to compute C signal 
similarly in the 3rd chrominance signal C, In the location of the predetermined pixel [ of 
x lines ] y train in the 2nd and 3rd chrominance signal in the output from the 
above-mentioned signal calculation means Have an average-value calculation means to 
compute the average value of the pixel which adjoins aslant, and it chooses from each 
output from said horizontal signal calculation means, a perpendicular direction signal 
calculation means, and an averaging means based on the output of the above-mentioned 
edge judging means. The image with which a false color and false coutour were 
mitigated can be obtained by acquiring the 2nd and 3rd chrominance signal in an 
above-mentioned predetermined pixel [ of x lines ] y train, and acquiring the 2nd and 
3rd chrominance signal of the number of pixels in an image sensor. 

[0080] According to the image pick-up equipment concerning this invention, 
furthermore, a means to compute said 2nd and 3rd chrominance signal When it judges 
with the output of the above-mentioned edge judging means not detecting an edge 
component in the location of a predetermined pixel [ of x lines ] y train, the output of the 
above-mentioned averaging means is chosen. When it judges with correlation being 
perpendicularly, the output of the above-mentioned perpendicular direction signal 
calculation means is chosen. The image with which a false color and false coutour were 
mitigated can be obtained by choosing the output of the above-mentioned horizontal 
signal calculation means, when it judges with there being correlation horizontally, and 
acquiring the 2nd and 3rd chrominance signal of the number of pixels in an image 



sensor. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing showing an example of the array of the color filter of the 
image sensor in the gestalt 1 of implementation of this invention. 

[Drawing 2] It is the block diagram showing an example of the configuration of the 
image pick up equipment by the gestalt 1 of implementation of this invention. 
[Drawing 3] It is the block diagram showing an example of the configuration of the 1st 
edge judging means 5 in image pick-up equipment, and G component restoration means 
6 by the gestalt 1 of implementation of this invention. 

[Drawing 4] It is the block diagram showing an example of the configuration of the 2nd 
edge judging means 8 in image pick-up equipment, and 2nd RB component restoration 
means 9 by the gestalt 1 of implementation of this invention. 

[ Drawing 5] It is drawing showing the pixel of G signal for explaining actuation of 
restoration of G signal in the image pick-up equipment by the gestalt 1 of 
implementation of this invention. 

[Drawing 6] It is drawing showing the pixel of R signal for explaining actuation of 
restoration of G signal in the image pick-up equipment by the gestalt 1 of 
implementation of this invention, and B signal. 

[Drawing 7] It is drawing showing R for explaining actuation of 1st RB component 
restoration equipment 7 in the image pick-up equipment by the gestalt 1 of 
implementation of this invention, and the pixel of B signal. 

[Drawing 8] It is drawing showing R for explaining the actuation of the 2nd edge 
judging means 8 in image pick-up equipment, and 2nd RB component restoration 
means 9 by the gestalt 1 of implementation of this invention, and the pixel of B signal. 
[Drawing 91 It is drawing showing the false color level in the horizontal resolution in the 
simulation image processed with the image pick-up equipment by the gestalt 1 of 
implementation of this invention, and conventional equipment. 

[Drawing 10l It is drawing showing the false color level in the resolution of the 
perpendicular direction in the simulation image processed with the image pick-up 
equipment by the gestalt 1 of implementation of this invention, and conventional 
equipment. 



[Drawing 111 It is drawing showing the level of the luminance signal in the horizontal 
resolution in the simulation image processed with the image pick-up equipment by the 
gestalt 1 of implementation of this invention. 

[Drawing 12] It is drawing showing the level of the luminance signal in the horizontal 
resolution in the simulation image processed with conventional equipment. 
[Drawing 13] It is drawing showing the level of the luminance signal in the resolution of 
the perpendicular direction in the simulation image processed with the image pick-up 
equipment by the gestalt 1 of implementation of this invention. 

[Drawing 14] It is drawing showing the level of the luminance signal in the resolution of 
the perpendicular direction in the simulation image processed with conventional 
equipment. 

[Drawing 15] It is drawing showing the example of other color filter arrays of the image 
sensor by the gestalt 1 of implementation of this invention. 

[Drawing 16] It is drawing showing the example of other color filter arrays of the image 
sensor by the gestalt 1 of implementation of this invention. 

[Drawing 17] It is the block diagram showing an example of the configuration of the 
image pick-up equipment by the gestalt 2 of implementation of this invention. 
[Drawing 18] It is drawing showing the pixel of G signal for explaining actuation of G 
component edge judging means 41 in the image pick-up equipment by the gestalt 2 of 
implementation of this invention. 

[Drawing 19] It is drawing showing an example of the color filter array of the image 
sensor in conventional image pick-up equipment. 

[Drawing 20] It is the block diagram showing an example of the configuration of 
conventional image pick-up equipment. 

[Drawing 21] It is drawing showing the pixel of each signal for explaining actuation of 
conventional image pick-up equipment. 

[Drawing 22] It is the block diagram showing the example of other configurations of 
conventional image pick-up equipment. 
[Description of Notations] 

1 Image Sensor, 2 AID Converter, 3 Frame Memory, 4 A separation means, 5 The 1st 
edge judging means, 6 G component restoration means, 7 1st RB component restoration 
means, 8 The 2nd edge judging means, 9 2nd RB component restoration means, 11, 30, 
42 horizontal edge detection means, 12, 31, 43 Perpendicular direction edge detection 
means, 13 judging means, 14 An averaging means, 15-17 Horizontal low pass filter, 18 
19 An operation means, 20-22 Perpendicular direction low pass filter, 23, 24 operation 
means, 25 A switch means, 32 A judgment means, 33 R averaging means, 34 R 



horizontal operation means, 35R perpendicular direction operation means, 36 R switch 
means, 37 B averaging means, 38 B horizontal operation means, 39 B perpendicular 
direction operation means, 40 B switch means, 41G component edge judging means, 44 
judging means. 
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T7j<¥^|Sjcun-/^7^;U*£;n-L7cffiC 1 h 1 p f 

( 1 , m) ) t%m& U A 1 h 1 p f ( 1 , m) t B 
1 h 1 p f (K m) £<Dit (*fct±C 1 h 1 p f 

(Km) t<D\±) t, Alvlpf (I, m) tCl 
v 1 p f ( U m) tcDtt (Sifctt, B 1 v 1 p f 

(Km) t<Dtt) t, ±$Zm 1 <OW&^®.frt><D&tl 
AfCtSltS^ffi^lfTmJIJT'Oii^fflA (1, m) fy> 
5, I ffmJIJ<D»2©fefi^Bi:S3flDfifi^CC43»t 
SlffB ( 1 „ m) tC (K m) B ( 1 , rn) 
= A ( K m) x {Blhlpf (Km) /A 1 h 10 
Ipf (l,m)|, C (Um)=A (1, m) x 

(C 1 v 1 p f ( 1 , m) /A 1 v 1 p f (K 
m) ) , ($fcf±, B (K m) =A (K m) x {B 
lvlpf (I, n) /Alvlpf (I, m)) , C 
( K m) =A (U m) x {C 1 h 1 p f ( K m) 

/a i h i p f (u m )}) iczv mints imwm 

¥S£<i*S ±12 l fTm?iJ<r){£B«!:f;ig&3 

3r£B*xfry WOffiBfcfci^T, ±!2!& 1 ©Wtti^a 

Lfc«A2 h 1 p f (x, y) , Mieff^gtti^gA^ 20 
<DUiJrV<D® 2 <D&\m B left L7j<¥^rojcD D-/U7 
4 }\s**ftLrzm* 2 h 1 p f (x, y) fcJJfflU A 
2h 1 p f (x x y) iB2h 1 p f ( x> y) <DJtfc 
±CS 1 6£>atfj A T'OH^ x fir y ^JT-© 

BififfiA (x, y) (Ci*3, xfTyJAJOfigfCfcttSI! 
2<Dfefs^B (x, y) B (x, y) =A (x, 
y) x (B2hlpf ( x> y)/A2hlpf (x, 
y) } fci&JTfflU ^3<7)feM^CfC*5^Tfe|SI«{C 

JffcH^ gfr 5 <0 A K ft LSBWirkd n- / U7^;l- 30 

mu«A2v ipf (x, y ), suies*§»a^ 
aa» 5 omtiTcom 2 ©fe/i^ b t m tmmyj ft© □ - 

/<X7^/l/mi / ftiSB2v Ipf ( x , y) £Stt! 
U A2vlpf ( x , y) t B 2 v 1 p f ( x> y) 
<M±t±mm 1 OWffi^gA>60a*AT*©ilJRxfiy 
^JTOBfgffiA (x, y) fC<tD, xfryJUOffiHlCtJ 
tf3g!2CDfe{i^B (x, y) * % B (x, y) =A 
(x, y) X (B2 v 1 p f (x. y)/A2vlpf 
(x, y) } KiOJUUU £3<&fe®J*CfCfe^T£ 
ra*fcCW*IWir*SlI^fl|^JHH¥gi:, ±12 40 
fe^»tB¥S*^om*K:fe*tSm 2 , g| 3 cOfeff if? 
<0fiff^H^ x fry WDimic&^T, tsjfeicBSf-r 5B 

^noai^eaiRLr, iumfemmxfrywvvm 

2,^3 <Dfe« W§ § c 4: t T « gj^jg , > m 



(3) #HPFl 1 

4 

^IScotB^^m^ii^ x fry 5>J<DtSBfi:tsi/>Tx>y 

[fS^ifcffl&aHBJJ] 
[000 1] 

So 

[0 0 0 2] 

-SO *I^T^5„ 01 9 fift&tcis 
tf^Wgm^WXWfttz&y -< ;l/^g2?iJ(D— P^Tjc-f 0 
T*fe5„ 0{C*5I,->T\ RteR^7E£iIiI£^3#;ft$tl 

B, Clc~D^Tt> : Zti?ticD&7j;l>$%:fiLrcMmm 
??&%o 01 9{C7K?txSJ:3{c, n^-rytctic, 
R^21i^S(cE51J^n, n+l^^y^B, GA^2 

T4H^s as*©***®) ci§[i2iistcf 

[0 0 0 3] 02O(i±f201 9{C7K$tircIlfecDfe7 

<fc 0 R ^ C . B W*^JiW « ^©ffiftgK©^^© 
-m*7n?7n~y>7mi:&Z 0 02 Ofcfe^T, 1 0 1 
titl®^?, 1 0 2li7l/-A^^iJ % 1 0 31i7U- 
ht^V 1 0 2{C*5^S^*R, G, B ^tX^tUQff 

^K»«r 1 0 4{iffira^ar*feo, ±12 

*flfc*?l 0 Hi, 01 9(c^-rcfco(c, B^R, G, 
B^5>«l^$n5 0 

[0 0 0 4] mftzmwtZo mmm? 101^ 

e>^B*fe^R, G> B*S8»tHU 7U-A^t'J l 
0 2fC§i®^fi^%^(piAty 0 15=27 1^-A>(^U 1 0 

?gi0 4T«, &r, g, Brnmas^rmznT^ 
^mmnis^mmntnm^omn^mu mm 

[0005] cz-c\ ±.&mm^m 1 0 4 (cfeitssiia 

0 3fcJ;D»SI$nfcR, G, Bf§^±0 2 1 (a) 
(b) (c) (CTn^nSi^JC^D, 0cfG, R, BT? 



(4) 



jnztitcmmiimmm? 1 o 2 K>n^ntc^\mxh 

Zo Gm^ (0 2 1 (a) ) {COI^Tte, IIn7'C 

7K¥m#lcoiS«{4Bo{§^g otT, ffisfifeB 
(n, m) t!2T<, ) ZffifflTZrcSblC. ±T73|p)^K 
( I G (n- 1 , m) -G (n + 1 , m) 

I) tttHfa<Dm&mm<Dmft ci g ( n , m-n 

-G (n, m+1) |) £jRi6 % C<DM#tf'>#l^|p] 

il£>M##'>&^l§-&l;i\ g(n. m) = (G(n. m 10 
-1) +G (n. m+1) ) /2£LTHtiiU ±T77 

fa<Dm&mm<Dmftwp%:^t§-&ii. g ( n , m ) = 

(G (n-1, m) + G (n+1, m) ) /2tLXW 

[0 0 0 6] RfciO'Bfg^ (02 1 (b) *5j:tf 
(c) ) ico^Ttt, £-f7k¥J]fa<DMm<Dffiffl*'n 

</\ xicmm?ifaT°ffim*fi : ?<, m^imz 1 (to © 

Rfcoi^Tli, Sitn - l n + l ^Jyx-oti 

mmtiLm (n-1. m) (n + 1, m) cDfg 

20 

r (n-1. m) = (R (n-1. m- 1 ) +R (n- 
1 , m+1) ) /2 

r (n+1, m) = (R (n+1, m- 1 ) +R (n + 
1 , m+1) ) /2 

<D£?lcniiiL. Often ■5-r:/©H**±T (n-1 
n + 1 » ©HJROffiBBK J: *)#zk¥S*ffi 
Im-K m, m+ 1 ^fI^5Ri6§ 0 BtCOI^T&IB) 

[000 7] tUlOffilfflTjffifc =t 0 . MIHI^S 10 4© 

tatucts^x, mmm?^T(Dwm®.<DR. g, bib 30 

[00 0 8] 02 2tift|JH¥6- 1 7 8 3 0 7f 

137^ yfrbtm^.m- 5 «fc 5 i«f««*07n >y 
^0^LfcfcOT'3&5o H0fci5^T\ 1 0 5&ilgj 
JR?, 1 0 6«71/-i,^eiJ, 1 0 7 tifi^SlRlHl 
IS, 1 0 8 (ifeMHlsISS, 1 0 9!iRG BvhU^XT 

Jlffi^ 1 0 5fi, 02 2fc:^-f J:^;:, 4O0) 40 
SUA, B. C. D (WT\ &Hig{i^f;:,W£,ftfcS 

^tiis^fia^-r) fr^/ssn, s^g^M^aiL 

tC^^fefi^^T't^idtirA, B<QBiSt# 1 7-r 
>g'{;:3^5^cgeFlJ^tt3o 

[0 0 0 9] #fC, ftftWET3 0 JUt*? 10 5^ 

u yiy-h^^ev i o 6ic&mmm^tt%w&&o m 

B71s-l>X*:V 1 0 6lC®*)&%tirc{mfrC>^ {g^f 
JSiRtHlSS 1 0 7lc£K>m& L/cSil3 7^>cDfi^jM 
t^L. feWlHlSSl 0 8-\<t£5o 6*1 P^SSS 1 0 8T 50 
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tt, ±K§ifi3 7f :^D{t^fre>&fe{I*iA, b, c, 
D^fiPifl^Lfdi, RGBvh'J ^XIeJSS 1 0 9£<fc 
ORG Bfl^fi: LXtiit)2tLZ 0 
[0 0 10] CCT\ ±fefe»@^ 1 0 8T'(i&fefI 
^^S^-f C©*$P*S7jf£fCO^Tl# 
H^-TSo n 2 v-f XDfefi^iP^fiJcTii, fl 

^JRHSgl 0 7lC^K>mm3^^yn 1 , n2, n3 
cOff^tfS^ftTfefflP^IIIgg 1 0 8^tme>tiTlS 
9, n 2^-<y\z^X% £>ftTl/^fe{§^«:C, DH 
A, BC0ilsm±&l/\, LfctfoT, A, BO 
ia^tOl-'T«Sil77(p]-C ; On K n 3 ^-rycDfl^J; 
OWS-fZOZ'&ZtiK nl, n 37-ryT'tiA, B<D 
HUsftStf H& 3 OT% *¥7? ft cDffiP^£&£^;L 5 C 
£<k&3o t^£, fiP^it© n 2 7-0(D3#@ 

<D®m (n2, 3) {C#U ^ijQ7k¥5i®i?t c kO& 
fefl^A' , B' , C , D' ^MF^^T-StTa 

#Jx.f£, C . D' ic-o^zit, 7K¥^<0*^i:> 
(cS^^o^TMP^figL, 
C* ' = (C« /2+ C B + C B /2) /2 
D23 ' = (D 22 + D2, ) /2 
i:T-5o -73, A' „ B' icftLXlZ, 
An ' = (An /4+ A.3 /2+ A,s /4 ) /2 + 
(A 3 , /4+ A a /2+A* /A) /2 
B 23 ' = (B, 2 /2+ Bm /2) /2+ (B32 /2 + 
B« /2) /2 

^^^e>7k¥iii*(cs^o^MP^-r c ttfr-z 

[0 0 l l ] ^{C, n 3 7^>OfeI§OW4iT 
A, BOH*ttn35-ryfr6flilB4J«U C D 
HJRfCOl^Tttn 2, n4 7<y*^WW§ 0 O 
(3, 3) lOS^X, m*.& 

A33 ' = (A32 + Al4 ) /2 

B33 ' = (Bai /2+ B33 + B 3s /2) /2 
C33 ' = ( C 2 . /4+ Ca /2+ /4) /2 + 
(C<, /4+ C« /2 + C« /4) /2 
D33 ' = (Da /2+ D« /2) /2+ (D <2 /2 + 
D» /2) /2 

[0 0 l 2] A, B (DMM^BfJ^^f y%XXtl 

mt>^ct^mm.L, nA^^yxit, wmMw. (4, 

3) tCttU 

A« ' = (Aii /4+A33/2+A35/4) /2 + (A 
5, /4 +A53 / 2 + A 5S / 4) /2 
B« ' = ( B 32 /2+ B^ /2) /2+ (Bm /2 + 
Bs, /2) /2 

C» ' = (C« /2 + C« + C« /2) /2 

D« ' = (D< 2 + D« ) /2 

n5 7Y>m iSf^fS® (5, 3) 

AS3 ' = (A 52 + A54 ) /2 

By ' = (Bs2 + B* ) /2 
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Ca ' = (C«. /4+C« /2+C<s / A) /2 + (C 
6. /4+C63 /2 + Ces /4) /2 
D 53 ' = (D« /2 + D« /2) /2+ (D 62 /2 + 
D« /2) /2 

i:*-5o ±8Sn2 v n3. n4. n 5 7<<yV<D 

b' , c , d' *^-r«ctt4a„ 

C0013] Lfe««oT, sis 3 «fc ofefl^ 

b^MMR?OBlRftti!}A9«ft&ti«. 4*, ±IET- 10 
tt» 4 0(Dfef^A, B, C, 

» . Cy (>-7» 4 Ye Wxn-) <D4fe/>*S* 

tit. m§m®&i o svoffim&mc^xit 

[0 0 14] 

[»«Jtf*i*L«fc5i:"r-5giJB] %$Oilfit&{l& 7j< 

««J»^i:*i:^5IBJ«jfi««*ofc. 
[0015] co%Wfi±ia©J:5*Ka^i*»^1-« 
Sit 2 ff 7j<¥ 2 ?iJ<D±T 4 am 

&iwi2<D&7'f;i>zi:&m\&i'fimcmw$ti, sis 

2 If lEfi±ESa[ l frllcfcttSS! 1 (D&74>l$tf 
*)jILEW*n5««jR?*fl|*rc»«SliJci3l^T, 

±e» 1 4 lit (c i 1 <D&m5%<Dmimm& 

^*«7ct, mftLtcW, 1 <DfefI^i:±IBx-y 5?j«#ic 
[0 0 16] 

2 <oeLfcmca*zftw&£.m&*&-Dm 2 <d&7 4 ,v 
z £tm 1 oft-fcewstu mi 2 off ic*5^-ni±ss3£ 

t |3|--<0Wfc:Se 3 tOfeffi^Ettf *#3tSSflfl*tt*«PO 50 
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m3<D&7 j jiztfmiizti. %2<D&74)],ztm— 

1 <d&7 4 hzifm\znx 

*5 0 , ±I2±T 4 ® jftofe? -y #TOSit& <fc tf7k 

^mtotatiicm^t, %u<onmm%.v>&t}t&7<)i 

$ h <D% 2 J: X$$H 3 ©fefl^tC «fc 0 SI 2 *5 «t tf » 3 
[0 0 17] Sfc co»Wfc«Stl»Sill«, MEx 

x-y ^^^a-rsTK^^ri^x-y ^m^gi:, $ 1 
ffl^sai l ts» #fa©x -y ^<a»%ttw-r s sbtjiri 

x >y s;«tB¥S i: » ijI27j<¥73 fpjx -y s^Ktfj^a Sit 

jcfetts*5Fs^ttsat?3iRiox-y>7^*!pj^-r«fij 

[0 0 18] Sft, C©KWfcfi6Si«»«Htt % tuiax 
■y S^Jfc^aicfcttSWe^Sb^ ±IB7j<^7?^x-y y 
^tti^STb^ 5) ©ffi^) $ fc(i±f 2Sit7^ ifti y ^ttffi^S 

zk¥^(p]x-yi/*^m¥ia^e.©tH^^±iaSit73iRix<y 

0 , 7k^^|6ix -y s;tt(iB#jgUp 60tt2j#±BStt 

«t i: fcfc, ±ia7.k¥/3fS]x>y 

s?«ffl^ a* J: Stt^rifijx -y 3?ttti]¥8fr 6 otH*«« 
i: t {c^to^torcffli ») /Jn$ i^^(t«x -y 

[0019] sfc, co»wtc«sa«8iBtt, fflia^ 

1 (DMtii^Wi\ tS 2 (D&im B ©$>-5fllT^ffi^ 1 ffm 
^JB (U m) ©ffiBKfe^T, SIlcDfefl^A, H2 
cOfeM^ B © Ztl^mctt L7j<^77f6]© P -7 U 7 f 71/ 
**j>LfcfiA h 1 p f ( K m ), Bhlpf 

(Km) ^rgtHL, HuSa7K¥?3|Bjn— /U7-c;Wfr 
50(U*efT?*« Ahlpf (K m ) tBh I pf 

( U m) £<7}l££±taBiitlitBcDHiK{iiB ( 1 , m) 

( K m) ^ A ( U m) = B ( K m) x {A h 1 



(6) 
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p f ( K m) /Bhlpf ( K m) } fc£ OWtti 

^nm®t. ±mm^mm i ^tub ( k m) ©{4 
tuattLmmyjfa<Da-/<7.y 4)1/9% ft Lrcmk v i 

p f (Km), B v I p f (Km) £g£i3 U MI2 
p f ( 1 , in) i: B v 1 p f ( K m) £<Dttt±E 

mmnLmvmmmB (Km) kj:*k Hfm^jtD^i io 

©feft^AfCfctf-SHIIMA (K m) A (K 
m) = B ( K m) x {A v 1 p f ( K m)/Bvl 
p f ( K m) J fciOfftHU g!3<Dfe{f^C<D&3 

{mwmi&mic&^T *>mmcm 1 ©fed^t Aic&tf^ 

^A(C*5lt§±I2F^H* 1 tTm?iJ©f>igT-cD±T^ 
<7}R£Iiig<D¥£jfiiJ: <0 1 f=rm?ij^ 1 <9fe{I*f Afcfc 

rtzmmmk (Km) ^sai-rsvtsiffiwai^isi:* 

%Mfem$lk 1 frmyWciottSIf! 1 cDfeff^AWiiSfflA 
( 1 , m) %t#T, SI**? tfcH-SHiRROS 1 ©fe 

[0 0 2 0] $fc, cafBEfcffiSJtftSHtt, ffif2* 

mm 1 fTm9IJ©fiBKJ3l>TX«y S/jsKSfrfctftfiH L&l^t 

wm^<Dmt]^m9iu ykw-umcmmtf&ztnm 30 
[0021] cogigicftsjift&iiu, ±ae» 

Em 1 <0}fai^lS*^OW* AJcWLT*¥^(Rl<0n- 
7<X7-f/l/*£*rL7cffiA 1 h 1 p f ( K m) tSit 
#|p]o-^3.7-f /l^fctf-LTcfitA 1 v 1 p f ( K 
m) 4BH1U ^2©feff^B{c^L7k¥73f6]COa-/1 
^7-f;l/^LftlB 1 h 1 p f ( K m) £*3<7) 40 
fefl# C Ic ii L llTj (nl<0 n -/ 7 )]/ 9 %ft L tc fit 
Clvlpf(Km) (£fc(J, Sg2£Ofefg^BfC# 
LHtt^l6l<OD-/^7-c;l/^^L7 v cffiB 1 v 1 p f 
(Km) fc*3<0fefi5C£#LT*¥?3lRKOa-/< 
X7^;l/^^t7cfac 1 h 1 p f ( K m ) ) 
WUU A 1 h 1 p f (K m) £B 1 h 1 p f (K 
m) tcOJt (SfcttC 1 h 1 p f ( K m) £<Ott) 

Alvlpf (K m) tClv 1 pf (1, m ) 
£<Ott (*fctt, B 1 v 1 p f ( K m) £<Dkt) 

±mm i <owtii¥-m^<otot>Aia3ifzmfemm 1 fx 50 
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mVlX'tommmA (K m) fr€>, 1 ff m?lj©a 2 <0fe 
fi^B t^3<Dfe{I^C{i:^t-5iH^{iB (K m) 
C ( K m) 3\ B ( K m) =A ( K m) x {B 1 
h 1 p f (Km) /A 1 h 1 p f ( 1 > m) K C 
( K m) = A ( K m) X (C 1 v 1 p f ( 1 „ m) 
/A 1 v 1 p f (Km)}, (Sfctt, B ( K m) 
= A ( K m) x (B 1 v 1 p f ( K m) /A 1 v 1 
p f (Km)} C ( K m) = A ( K m) x {CI 
h 1 p f (K m) /A 1 h 1 p f (K m) } ) fc«fc 

^JcDfil i: x y MOffiBKfci^T, 

/U7^^*j>LfeilA2h 1 p f (x, y) , fus2 
^UtB¥S^ 2 ©feft^ B IC# L7}<¥ 

7?|fi]£DD-/^7.7<';l/^^^L/cflB 2 h 1 p f (x, 
y) fcWtiiU A2hlpf (x. y) £B 2 h 1 p f 
(x, y) <DJti:±!2* 1 <DWth^8>frt><DBi7jAT<D 
mmxft yWV<DWmi&A (x, y) {C«fctK xfiry^J 
<DffiBfcfctt«gS2©feM#B (x, y) B (x, 
y) =A (x, y) x {B2hlpf (x, y)/A2 
h 1 p f (x, y) » laDSUiU Sj?3^fe{f*f ClC 

0-/^X7 4 fl^^fttfcMA 2 v 1 p f (x, y) , 
W8Sfll#»tH^a^60ai^TfO» 2 <Dfe{f^B (C*tL 
MS#ia<0O-/<X7-^**ftLfcfi6B 2 v 1 p f 
(x, y) £JJfflU A2vlpf(x, y)i:B2v 
1 p f (x, y) ©Jtfc±3E£l<0*lH#afrS©titfj 
AT'CDH^xff y^JT-CDH^fflA (x, y) J; t) . x 
fry WuSt*5tt^.*2<DfefI^B (x, y) B 
(x, y) =A (x, y) X {B2vlpf (x, y) 
/A2vlpf (x, y) } iC&VWltiU *3©fefa 

* c fcfe^r t. ra«(c c {i^^gtb-r ^sa^i^ffl^g 

, ±IBM^StB¥S^^<7)ttJ^fci3tt§* 2 , 

ft ic mm? % Hnwsfi^gtb t % y-xmsws ?s t 

^r«^, ±I2i-y^iJ^#IS<7)HJ7j(<:Sot, huI27J<¥ 
[0 0 2 2] CO»W{C«5»»«llti, HijI2 

* 2 <mai^m\ ±f2x y i;w^#g©m*^3fSiB 

X x fry WOffiBfc fi^Tx-y ^fiR»%«im Lft^tPJ 
^Lfc^(±±f2^ffl»m^g<Otti7j^J?L, fiffi 
73fS]{cfflM*^5 i:¥iJ^ Lfc^(i±I2Sil/7(S]fi^S[ 

fcJ&&tt±3E*¥^rifll^#3Stb¥aflDtil7J*aS3 fil 
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[00 2 3] 

mm<omm 1.01 acco^mtDmmomm mumn 

HKfcl^T, G(iSil73(6j2 i (i=0, K 2, 
•-) , 7)<¥7jft2 j (j=0, K 2, ••) (DiB^fil 
GWT» Bffifug (2 i , 2 j ) Oi^tCiei-o ) i:* 10 

mmim (2 1 + u 2 j + 1 ) ic*!k G®#*aifl 
H(2i» 2j + Dfcso, R«^*aa*«*i»tt 

#tt*#ofc»2<0&7-f/l/*, B«Bfg{41 (2 i + 
fcg?3©fe7^/U£T*&-5o IllC^n^J:^^ 
(i2H^Sfcf#P>n§Ci:i:75:0, C «D±T 4 BUItf § 
[0 0 2 4] H2J4±I2HlK^nfc&7^;I/^E5»J 20 

*j^t, i tin i icTn-r&y ^ ji^mm-m^ttircm 

fMf?, 2{iA/D3>/ < ;-^, 3 ti 7 IK 

mar 5 itGmmasifzmimmT'CDx. 

y %m 1 01 y s*M£#a, 6 a±E»jt^ 

WLAfrb <D&\mto <fc tfSuiam 1 ©X -y ^fflJE^ S 5 

»5J:-5Gco*7C*ff5G*S»a7C^ST?*S. 7*i± 30 
15 G jsU^Mtc^S 6 OtH^T**«liiR»o!)fi^%«fo 

BKi3ttSiB*eil (2i ( 2 j) fe«fctf (2 i 
+ 1, 2 j + 1) T<0Wm*&7itZrzlb<Dmi<DRB 

{Cfc^t^ffi^BfgTCDX-y i/*Wfct%%i2 <Dx-y 

9tt±8E£l©RBi£#«7&£87fr6<OR, 
B ±3ES 2 ©x -y v^J^a 8 6 © tB * KStJ 

Rictsiizmmiim (21 + 1. 2 p -enwm 

R. fcitf B£43tt*H*&K (2 i , 2 j | + 1 ) T<D 40 

£o 

[0025] $ fc, 03 tt±ffi3J 1 ©X >y S^Jjg^a 5 
fc«fc tf G J«#«7C^a 6 ©-«Wi0!l*jSr 7 n -y ^0T- 

£cDBf5t©!§#Of: »)X.y •>*^^tB-r-57)<¥^X 

^©M»T-fe5x-y->-^«r^m-r5Sia^isix.yi;^ 
ta^a, 1 3 * aii^isii -y v^tu^a 

1 IfeJctfl 2^SW/3*CJ:0^ *¥Sit^|6]T*<Djaia 50 
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fiitt^lRlx -y ^«tB$a 1 2 tJcfc WSE¥S 1 3 K «fc K> 

aiox-/i;fij^#g5*fl!i«-r«. i4(icfi#©m 

tti^a, 1 5~ 1 7 (i7k¥:7?fa<Q 0-7*7.7 1 
8«Rfi^^7K¥77lRlP-7^^7-i';l/^ 1 5{c.t-sai7^ 
fi^f G h 1 p f fc<fctf7k i P7j|njn-7*7.7-f'/l/# 1 6{c 
<fcStii;Mg*§Rh 1 p f*»6*W*fTl\'*¥^lfillc« 
M^tOB^fiES (2K 2 j + 1 ) T-WGM^tB^J 
■f£iHS?a, l 9«BfS^i:7j<^7?(^p-7^x7f ;l/ 
* 1 5fCJ;Sm7t>fl^G h 1 p f fc«fctf*¥£fin-/< 
7.7-r/l/* l 7{c<t5tB7^{i^B h 1 p f tcj; *9 rH»^r 
fflr\ *¥7jftfcfflH**.:3H*fifclB (2 i + K 2 

j) -C'<oGm^*mti?zmw&mT&5o 20-22 

ttilit£|(>jcQo— 7*7.7-r7l/*, 2 3«Rfi^tSit7? 
fau—t\Z74A,$Z OtCkStH^jffl^G vlpffei 
tfSifi^iRiD— /<X7^;l/^2 HCJ:§Hi7Jfi^R v 1 
P f KJ:»)flW«ffi\ Sifi^fofctBW^&oiijigtee 
(2 i . 2 j + 1 ) T©G{I#*aj*-rS»J?#g, 2 
4t±Bfl^tSil7?fplD-7^X7'C7U^ 2 0{C<£3tb7J 
fS^Gv 1 p f fe e tO r SS7?(nlD-7^X7-c;l/^2 2 
cfc-SitiT^fS^-B v 1 p nc<fcDiBJ(*fTl#\ MityalPjIC 
WSr&OBll&H (2 i + K 2 j ) T?oc«#*a 

tjfzmm^&'etbZo 2 5\tm<o®kx.m ! k-T:&<o. ± 

IBS 1 OX -y vW#a 5 (D^ail^cDfl^ 



^±Bw-mmta^m. 1 4. am^eti 8, 1 9*j<tt; 

SMI#a2 3, 2 4, »(B^a4*>5©«#«fc»?, ®<o 

[0 0 2 6] $fc, H4£iS2(DX-y^J^#a8*5i 
2 © R B j£#«tc^ a 9 ©-^fiaj^^-r 7D <y ^7 

fi^m^HijiK *st j- * &^comm<Dm^^m t % ?i< 
¥?3ioix«y^ai^a3o, *j:ff±TH*©a#** 

t±l-r*Stt^[Slx-yi/'^Hi#a3 K 89S5*¥*J:tfS 
B77lS]x-y i/^tB#a3 0fcJ:r>'3 1 A^6©tfl^KJ: 
(3, 7j<^PSil77(nJT*<DJSS®^T'<DfB^l^^7l/©^fk* 
W^L, Rfl^H^SB (2 i + 1 , 2 j ) fcW-TS 

w^s^i: Bimommfom (21 + 1, 2 j ) tc^-r 

RfcfcttSHSHaa (2 i + 1, 2 j ) T'©iS*R, *3 
XVBlZtSlf&WmtiLW (2 i , 2 j + 1 ) T(DH^B 
*m7t?Zrztb<Dm2<DR BfiS#*t7C^89£fe^T 
(i, 3 StiRffi^T'^fe/^lpJ^^gfSB^CD^ffl 
^rlEtB-r*R¥^fi»ai¥a, 3 4ttGrt»«7c¥S6 
^exDGfs^i:^ 1 COR B«^a7 73^tDRfi^tCj; 

•3, r tcfett zmm&m (21 + 1. 2 j ) -ecoBi^ft 

m 3 saSB^ipjOKgH^fc^f), HuIg^lRj^ic 
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20 
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LTBHifiS (2 i + l , 2 j ) T'vwmimz&mt 
% Rmmftfamn^®, 3 6 n±tzm z «i7 

a 8 A^cDfiJ^SStS^t , BUfug^iE C RBfS£ 
^•j^iRfOMfgT'fet), 3 7(±Bfi^-e©f4 

*a, 3 8«GjsR»a7C#a6^6OGfi^i:Sl<0R 
B «7c¥I8 7 ^ 60 B (8*f K iO> B Kfel+SBijRtfcH 
(2 i , 2 j + 1 ) T?OB3R«^%7k¥^lSl<DW»iB3l6 

k «fc o wrr 5 b 7K^77 a mm? a> 3 9 ase^ gjo 

BSJgBHtKJ;^ mfBfcl^fcLTBflftg (2 i. 2 
j + 1 ) T*<DHS)H3*t*:»J|£?<S B£fi#fi»*m 
4 0 tt±8HS 2 cox-v S?fflj£^« 8 &©W£IS£fclS 

CO 0 2 7] ^{C»ff{COfTlttW-rS. Jift*? 1 
"S&Bilft^R, C, B^rSl^tU *<omt}\t A/D 

a, ^«?a4fC<t0ftR, G, Bffl^^SIU GfS 
#ti» 1 OX >y ->"WS?S 5 t G j«#«7C#© 6 *\ £ £ 
S*U R> BfSEftiG^ffiTC^ISefecfc^lcDRB 
Stc^S 7 'Nfc&ettSo JR 1 017 S*MJE#a 5 Ttt 

AH= | G (2 i, 2 j) -G (2 K 

fcntau mwfifa^vvm&fSLi zx 

AV= I G (2 1 - K 2 j + 1) -G 

[0 0 2 9] ±EW*#a 1 3T*ti, 7j<¥^fp)T^X-y 30 

Mil73lp]T-(0^jaB^T-O{i^b^;KD^b*WSL, 
^©WSiS^tite d 1 ^tfJTjTSo A 
H£A V^B/W^&^ftfdilt h 1 WTO*&(4, fll 
aB^T-Off ^ l^/KDgfttfftl^ i: U tf e 
d 1 = 1 £ LTtilft-f^o -77, AH*fcttAV*^4i> 
Jt&fcfflt h 1 J:0**^«^tt» ^©BSifCfc^Tx 
■r>')S7Wfe5i:W£U £5>fc, A H > A V <D*§£{i 
Mit7u(p](CfflBa^iSv>i:!pMLT0>J^{f e d 1 = 2£{ij 
77U AH<A VC0^{i7j<¥77(6j{CfflM7b^^tW^ 40 
LTMx^e d 1 =3Z&tl?% 0 **5 % GftH96ftT 
I^SBfUftB (2i, 2 j ) . (2 i + 1 , 2 j + 1 ) K 
Ghlpf={G(2i,2j) + G 
+ G (2 i , 2 j +2) +G (2 i 
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* 6 Ttt±as» i ox«y s^pjjg^a 5 *>sofij«a»<os 
, mmm? \ wmmm&co c a ? g # 

C0 0 2 8311 OI7 S*PJS¥S 5 JCfcl^T, G{8# 
«7j<¥73 fax y S/^tti?a 1 1 ti«fc S6£fijx -y 

£#ai 2-viiA77$n^o jwssr^i K**ta 

Gfi!c»{±iancfeSJ:5(cB^fiS (2 i , 2 j ) 
(2 i + K 2 j + 1 ) T'ffenTtsD, a&$?0i5 

*a<oG«^*f#5rc«)C, wm&m (21. 2 j + 

1 ) f: (2 i + i, 2 j ) ©ffljfS-eofii^**4&*c £ 

ioT, 7K¥7?faX-y^fcBX|§l 1 *5it>*Si«73fax 

•y s;ws¥» 1 2 viz, wm&w (21, 2 j + 1 ) & 

iff (2i + K 2 j ) (05 WHST'/S-r g) TO£ 

©7i*©B*«ll<=0^WfaAH^f#T, cn*Wft¥S 
1 3^\i:a^U SB73(RlX-y^tti^ai 2T-fi, ± 

tltZo W*tf, B^fiH (2i, 2 j + 1 ) (Cfc^T 
tt, 7K¥73faX-y^tlJX|gl 1T% 
2j+2) I (1) 



(2 i +1, 2 j +1) I (2) 

5« e*v^Ti4x -y 5?*»*ws"r*j6W44 < , ws^a 

1 3*^(iffJ*tf e d 1 =0?:fiJ73-r5fe^i:-r§o W 
^#ai 30/±J73e d l«G^m7C?a6tCfe^5«J 

[0 0 3 0] ^tC, G^M7t^a6{Ct3^T, Gfl^ 
{4¥*§tt3iai#a 1 4 *3<tt>*7}<¥73l6]n-/^'7^7l/^ 
1 5, §fi77lRjn-7^7.7-f/l'£ 2 0^\i:A73$n5o 
¥i^ffSf±l^a 1 4 T'ti, B^fuB (2i, 2 j + 1 ) 
fccfctf (2 i + 1, 2 j ) lOS^T±Ttt4Wm<Dm 

^77(S]n-7^X7f 7l/* 1 5^P>(iG</37K^7a[njC0D>- 
/U7^^%j>LfttGh 1 p f *V iKi«iD-/^ 
X7-<;W2 0frt>i&G<Dm\M.HfPi<Dti—/iX-7 4 
^/J-LfcMG v I p fWjn,- fiaj^«B»5® (2 

i , 2 j + 1 ) "e»±^so«k3tj(asnso 

(2 i , 2 j -2) 

, 2 j +4) } /4 (3) 



Gv 1 p f = {G (2 1-3, 2j + l) + G (2 i-K 2 j + 1) 

+ G (2i + K 2 j + 1) +G (2 1+3, 2 j + 1)} /4 (4) 
±fd7k¥73faP-7^X7-r;l/^ 1 5<Dttl73Gh I p fli [00 3 1] -7?, RfI^«7j<^73fRja-/^X7 << jlf 

2 0^til7lGv 1 p f ti»J*#S2 3*5«fctf2 4^^^ *¥*J«fctfSS3?lRlOO-/^7-<';U^*^Lfc«R h 

50 1 p f\ Rvlpf^U Bf8^{COl^T{i7j<¥7? 



15 
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* 2 j) T't#6tt, ftM^&4fr*,<D&mm{Z.WTCDBm 
m,tm6 (b) IC^ZtlZZolCftZo £&<Dil 

LfcAbT, BiitfiB (2 i , 2 j + 1) TiiRfi^O 
7K¥t5«fcO : Sitt7?(6]u-/^X7-i';l/^ l 6*5<fcl>*2 l* 
ft L fcffifcflj*. fcf asSfc «fc !) f#«. 



77f /l^ft-LfcffiB h 1 p f , Bvlpf^HiM 

9{ciS^{4g (2 i , 2 j + l ) X-m^ti, W&tfkA 
A^<O-etl^n©Bi^figT*ORM^«06 (a) *Z 

ns&oicKK). trc, Bi&ftimmiiLm (2 i + 1, * 

R h 1 p f = {R (2 i , 2 j - 3) + 2XR (2 i , 2 j - 1) 

+ 2XR (2 i , 2 j + 1) +2XR (2 i, 2 j + 3) 

+ R (2 i , 2 j +5) } /8 (5) 
R v 1 p f = (R (2 1- 4, 2 j+1) +2XR (2 1-2, 2j + l) 
+ 2XR (2 i, 2 j + 1) +2XR ( 2 i + 2 , 2j + l) 
+ R (2 i + 4, 2 j + 1 ) } /8 (6) 

mm&m (2 1 + 1 , 2 p bm^o7K¥*j 5Ktf%mtf^fc«k»)»s. 

iCfSB^lSja-z^^-f;!/^ l 7fc«fctf 2 2£:frLfc* 

Bhlpf = {B (2 i + 1, 2j-4)+2xB (2 i + K 2 j - 2) 
+-2XB (2 i+K 2 j) +2XB (2 i + 1, 2j+2) 
+ B (2 1 + 1, 2 j +4) } /8 (7) 
Bvlpf = {B (2 i - 3, 2 j ) + 2 X B (2 1-1, 2 j ) 

+ 2 x B (2i + l, 2 j ) + 2 x B ( 2 i + 3 , 2 j ) 
+ R (2 i +5, 2 j ) \ /8 (8) 



[00 3 2] ±ES (3) ~ (8) (i^7j<¥73l6l 

D— /<*7-f 71/^43 «fc U'^iS77[njn-7^X7 -C Jlftii 73 

5$ (3) ~ (8) fCffiS fificD 2 -y 7£Sc£ 

[0 0 3 3] LT, ±K*¥#|fijO— 1 ★ 
g h 1 (2 1, 2 j + 1) =R (2 i 

) 

7j|nlD-7^X7f ;|/*2 1 T'<0ttl7jR v 1 p fttiSS^ 
IS 2 3^^:21 €>n, »*¥©2 3'\fiRflMtfcSlB#[RjiV 
g v 1 (2 i , 2 j + 1 ) =R (2 i 

) 

[0 0 3 4] m«(c, ±I27K¥7^|6]a-7^7f rt/* i 
7T*oW*Bh l p f ttMR^gi 9^i:aS6n, iS» 
¥Si 9^±Bfi^i:7K^[o]D-/^x7^;l/^ l 5cd^ 

gh2 (2 i + 1, 2j) =B (2 i + 1 



) 



★ 6WfflylRh 1 pfttttff^gll 8^86*1, 
?IS1 8 ^ «: R ft^ £ 7k+^ftn -7*7, 7^ 71/ £ 1 5(D 

m^ifa^Gh i p f ^A^^nrtjo, bsKuB (2- 

1 , 2 j + 1 ) T*©7k¥#fpl<9fflM£fcOG{f4§g h 1 
(2 i , 2 j + 1) 

2 j + 1) X (Gh 1 p f/Rh 1 p f 

(9) 

30#n-7U7Y7l/£2 O^m^jfl^G v 1 p f fcA^jSft 
T*5(?, H^fitS (21, 2 j + 1 ) TOSiS^riPlKffl 
W^fcOGft^g v 1 (2 i , 2 j + 1 ) 
2 j + 1) x (Gvlpf/Rvlpf 

(1 0) 

♦ ttt;WfGh 1 p f feA^?nr*5!3, iBigfitfi (2 i 
+ 1 , 2 j ) ?0*¥7jfa<D*IM**>OG<I#g h 2 

(2 i + 1, 2 j ) 



2 j) 



x (Ghlpf/Bhlpf 
(1 1) 

fcJ:»)*tHU WK)&z.^®2 5s\tm% 0 $7c, fit * P-7^77Y7l/^2 OOHi^ff^G v 1 p f £,A7j£tt 
73lRin-/U7^;^2 2f©a?jBv 1 p ftiiSW? TfcO, BfftfeB (2 i + 1, 2 j) T*<DfiB^(pj{cffl 
&2 4^86*1, W&mSLZ 4^iBff^i:fitt73fS]* . (W^tOGfl^g v 2 (2 i + 1, 2j) £#5£ 
gv2 (2 1 + 1, 2 j ) = B (2 1 + 1, 2 j ) X (Gvlpf/Bvlpf 



) 

[0 0 3 5] ±IS^ (9) ~ (1 2) £«fc*JWi73i£ 



50 



(1 2) 

«fc««T<D£feft^<DJ£ttR, G, B£D7K¥7a(p]$7c 
[0 0 3 6] WD^?S2 5T'(±, £ 1 ©x -y S*PJ£ 



17 



;paft*2pj£Lfc*s*e d i tmmimizm~32. gcd 
mmm*±B¥t%®mti%.® 1 4. »»¥ai 8, 1 

Ifed ltf '2' fc***^ "TftfcS, 
fel^TX-y fc^SftS**, A H > A VT 

MS#fl{cfflM#ifiVtW££ft3*§3-«:, ^BiRfiB 

T?©sia^i6i{cffiBii*«foc*tH*t-sifi!f¥ao^ 

'3' £7Bt*§-g\ "f *©H*IC*J^TX'ys; 
iS^feStW^^n*^, AH<A VTvJ^TtfitCffl 

^?>(C, PJfi^ai 3fc«fc«atfj<g*f e d 1 ^ 
' 1 ' A H t A Wmfttf^tbfetbrc 

fit h l«TT-*t>, ^fflBfttTCQfi^b^l/CO^fttf 

* < , ymmwrn^fs. utct^Gifga *a«w- 

[0 0 3 7] tfit>%. WO&tt&Z 5(C*5^T, H 
*ftS (2 K 2 j + 1 ) OGfiMI g (2 K 2 j + 

l ) tfJJt^a 1 3*^©ai^ e d 1 = 1 Tt± 

¥15fjfiSa¥ai 4*^<DC«^g a*, ed = 2CDi§ 
#(i?HS¥a2 3fr?><DG\mg v 1 ed = 3£D^ 

$imm^®i 8frz<DGm%g h i*a«u 

BSHfiB (2 i + K 2 j ) (DGff^g (2 i + K 2 
j ) *JS#Sl 3*60fflAed 1 = 1 TfJ 

¥^ffl»Hi¥ai 4^e>tOGM^g ed = 2<Dti 
MiMI#a2 4*60Gi§g v 2*, ed = 3<Di§* 
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*&imn^mi 9*^©G®#gh2*a!R-rs. * 
&% GjW36ftTv*H*fiWf (2 1 , 2 j) , (21 
+ k 2 j + 1 ) las^xit. nm&& 1 3 A^awA 

lie d 1 = 0tftitfj2:ftTfe»>, CO 4 

[0038] LtctfiT. G&ftm7i¥m6frt>imm 

fl/B ( 2 K 2 j ) , ( 2 i , 2 j + 1 ) , ( 2 i + 

u 2 j ) , (2 1 + 1, 2 j + 1 ) znztKDmmv 
10 «soG«^i&flf5ns. c©Gja#«7c*a6Jtps© 

i±S^) G 0 ^lORB ^MTC^a 7 , fcj: tfig 

2 COX >y S>WJ£#« 8 i: m 2 © R B #$Ml7U#« 9 ^ t 
£5>ft-5o 

[ 0 0 3 9 ] m 1 CO R B fiR#«7C^a 7 Tti, # 

S$#a4^e>COR, Bim (06 (a) 43«fctf (b) ) 
t ±12 G f£fl«7E^a 6 6 co^B^cDfl^^ tOGf 

(2 i , 2 j ) tsitf (2 i + 1 , 2 j + 1 ) TCDBH 
*»7c£fiM-S. 07 (a) . (b) (iSglcDRBfStt 

20 «7c*a7tcfeitsR, B^#o»ai*3iwrsfcii)© 
&biicdr, B*7rs-rmr°h<r>, 0* r*3<ttfb«mi 

cORB^«7C^a7{Cfe^T«7C*^Sn«R, BB 
^fS^^LTl^o Rft^TtDBiitfuB (2 i, 2 
j) fcfci^Tti, *¥#l3ifc0M$ , *"5©2 i^-rvcoB 

ife^aH**? i *t)»6nrfe»), g«^»g<s 

#«7G#a6fC«fc fp^HH«7C$ ft TV 3 (05) „ J: 
oT, Biltfefi (2i, 2 j) £:J5I/>T, G, Rfg^lC 
WLT*¥>Sfi©n-/<*7Y/l/*;£fl-LfcffiG l h 1 



BUG (2 i , 



pf, r i h i p f zmz.i£, 

Gl h 1 pf= (g (2i, 2j-l)+g (2 i, 2 j+1) ) /2 

(1 3) 

Rlhlpf = (R (2U 2 j-1) +R (2 K 2 j + 1) ) /2 

(1 4) 

2 j ) ^SCJ;!)IHit5o 



ccoc 1 h 1 p f £R 1 h 1 p Witt 

2 j) tccfco, mm\m (21, 2 j) 

r (2 i , 2 j ) = G (2 i , 2 j ) 
= G (2 i v 2 j ) x ( R (2i, 
/ (g (2 U 2 j - 1) 
[0 0 4 0] Big&B (2 i+K 2 j + 1 ) IC 



SCPORffltr (2 i 



x (R 1 h 1 p f /G 1 h 1 p f ) 
2 j - 1) +R (2 K 2 j + 1) ) 
+ g ( 2 K 2 j + 1 ) ) (15) 
★ +K 2J + 1) fC*5^T, G, Rfl^fCftLTSST? 



I^On-/U7Y^i'4^LfeiiG lvlpf, R 1 
1 p f *0»*tf, 



fct^Ttt* HB^[fij(C^^-r3 2 j + 1 ^iJcOH^^ffl^ 40 
l J;t)f#6ftT*3 0, fTc, GfS^tiGBEiJ-MTc^ 

a6fca:o^ffi^a7cSftTv^coT% a^es (2 i* 

G 1 v 1 p f = (g (2 U 2j+l)+g (2 14-2, 2j + l))/2 

(16) 

R 1 v 1 p f = (R (2 1, 2j+l)+R (2 i +2, 2j + l))/2 

(1 7) 

KcfcOSmU COGlvlpftRlvlp f (Dttt 1 , 2 j + 1) TCDRfg^r (2 i + 1 , 2 j + 1) 

mmG (2 i + i, 2 j + D b^&b (2 i -a- *^st«to»ai-r-5o 

r (2 i + K 2 j + 1) =G (2 i + K 2 j + 1) x (Rlvl pf/Gl 
v 1 p f ) 
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= G (2 i + K 2j + l) x (R (2 i, 2 j + 1 ) +R (2 i +2, 
2 j + 1) ) 

/ (g (2 i, 2 j + 1) +g (2 i+2, 2 j+1) ) (18) 

[oo4i] raa»c, Bm^cD^xa, mmfaw (2 *ot, hmuB (2 u 2 j) tc^r, g, b<s^k 

i , 2 j ) icts^xit. mm?ifaicmm?2> 2 j ?ijoh ttLTgs^on-^xT^i/^^LfcfiG 1 v 1 

mt>mmm?i x^mztixtev, Gmmtc^. pf« b 1 v 1 p f^m^if. 
ftm.tt®.Gic&K>±mim.7iznT^% cms) 0 

Glvlpf=(g(2i-1, 2j) +g (2 1 + 1 , 2j))/2 

(1 9) 

B 1 v 1 p f = (B (2 1-1, 2 j ) + B (21 + 1, 2 j ) ) /2 

(2 0) 

JCfcOSttiU COG lvlpftBlvlp f Oj±t *T*OBfg^b (2 1, 2 j ) OgtHf S„ 

mmc (2 i , 2 j ) fCfcO, HiKfufi (2 i , 2 j ) 

b (2 1, 2 j ) = G (2 1, 2 j ) x (Blvlpf/Glvlpf) 
= G (2 1, 2 j) x (B (2 i - 1, 2j)+B (2 1 + 1, 2 j ) ) 
/ (g (2 i-1, 2 j) +g (2 i + 1, 2 j) ) (21) 
[0 0 4 2] mmikW (2 i + 1, 2 j + 1) £ ★ffiH (2 i + 1, 2 j + 1) K*5^T, G, Bfl^Cft 

fct^Tti, 7k i p7a(p]tcBjg-r^cD2 i + 1 7-0011 LT* J FSlRl©n-/^7-i';l/^*^LfcffiG 1 h 1 p 
Alllfl «fcD13&nTfe!>, Sfc, Gffl^tiG^ f, Blhlpfmil 
«7t¥©6fC«J:»)#H*«7C?nTl^5o ioT, 9**20 

G 1 h 1 p f = (g (2 i + 1, 2j)+g (2 i + 1, 2 j +2) ) /2 

(2 2) 

B 1 h I p f = (B (2 1 + 1, 2j)+B (2 i + 1 , 2 j +2) ) /2 

(2 3) 

KJcOWtHU COG 1 h 1 p f tB 1 h 1 p f <Ditt * + 1, 2 j + 1) T-OB{f*f b (2 i + 1 , 2 j + 1) 
H*G(2i + i, 2 j + l) tcto, HiftffiB (2 i * ^StciOJWi-rSo 

b (2 i+1, 2 j + 1) =G (2i + l, 2 j + 1) x (Blhlpf/Gl 

h 1 p f ) 

= G (2 i + 1, 2 j + 1) x ( B (2 i + 1, 2 j) 
+ B (2 i + 1 , 2 j + 2) ) 

/ (g (2 i + 1, 2 j) +g (2 i + 1, 2 j+2) ) (24) 
[0 0 4 3] ±IHS (1 5) , (18), (2 

i), _(2 4) {4±iEGTott7Wffii:ra«jsmwffi« 

£lcj;3 0 S(13)~(24) fC&tfSG 1 h 

I p f , Glvlpf, Rlhlpf, Rlvlpf, 
Bihlpf, Bivlp f omBSfi, 7K¥feJ;tfS 

R B )S^a7C^® 7 5 « 0 7 fc jjVf R , r is <fc 0 s B , 

bcDB^ft^R lfcitfB nmtj^nr. I52orb 

[ 0 0 4 4 ] , £ 2 O R B j£#»t£#© 9 *5 «fc 8 

2ox7 vw^¥ia 8 (ommc-D^xm 4 1 <t Dsmij-r 

5c ^2 0x>y->-fJ^g8(C*3^T, G/£#«7C#f3 

6 5) a 73 $ nfe c {m c 0 ti7j<¥7?in]x -y 

(2 i, 2 j + 1) *5«fctf (2 i + 1, 2 j) 50 



»*«iUl-rs. ?J<¥^[piX'y^tB¥a3 or*(i, ±12 

3 2-\i:ai^-r§ 0 ma?, ±ieHmfis (21, 2 j 

+ 1) fcfcv>TH\ 7K¥7ifp]x^v ! ^ai?S3 0T% 
A H = I G (2 i , 2 j) -G (2 1, 2 j+2) | 

*»mu snttrisox-ys;*ai#a3 it*, 

AV=| G (2 i -1, 2 j + 1) -G (2i + l, 
2j+D I 

*SttiU ±EAH, AV*WJE¥S3 2^\i:^§o W 
T, C OHiSOMOSgft fil^x -y i7$# n?.£ 0 
[0 0 4 5] ±i2¥"JS¥S3 2f«, 7k¥/jftT*OX>y 
57j£fl> AHM 0*MB73 Ip]X -y A V (C J: »J , 7j<¥ 

T\ ±EJB 1 OR B $L%'<&7V$-m 1 E ct 0 , R R 1 
r-fiHlS&B (2 i + 1 , 2 j ) Ufttofift@3tff96 
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trcfco 07 (a) ) , b«^b lvimm&m (2 
k 2 j + 1 ) u^mmmm^m enr^§ (07 
(b) ) o LfcA^r, mmikm (21 + 1, 2 j ) t* 

©X -y i/'$#£fij£ L edr^R \m<DWm\m 
(2 i + 1 , 2 j ) <D«^C*f LTtiti7JU -75, US 
(4« (2 i , 2 j + 1 ) T-cOX-y S/'fig^W^t/c^ 
e d b£B{i*fC0iHjRftS (2i, 2 j + 1 ) O'A^iC 

ttLT&jr?% 0 ttsitt, mmm. (21 + 1, 2 
j ) icmfsmfem^e d r tsmam (21, 2 j + 

1) {Cfctt^W^^e d Mcfc^T, AHt£iV(Dm 

#J;Uf e dr = l«i 
O'e d b= 1 i:LTi±5^-r§„ A Hj£/c& A VA S 

-fcOilJSfC&V 
A H > A V 
mz.l£e d r = 

2*5<tt>*e d b = 2*tti7 l Jb, A H< A Vc0^ti7j<¥ 
^(CffiSg^aV^^LTmfi'e d r = 3$5£tfe 

{ug{CfcV^T(±x-y ^^WS-r^^gti^ < , fijjg 
¥S3 2fr£Ji#lJ;Uf e d r = 0i5<fctfe d b = 0£tii 
7J-r^fc<Dfr^„ •?• LT, W£fg3 2^edr 
ti^ 2 (D R B fi£»fg^#l5 9 fC*5tt3 R#JD ^tL^IS 3 
6-\, £fc, ffi^e d b(im2<DRB^«7T?|g9(C* 
R2hlpf = (r (2 i + K 2j 



Tx -y 5>j«#jM&« i: ¥0£ U $ 6«c, 
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♦ fcttSB^JH^J^ O^tjMSnSo 

[0 0 4 6] B^«7C^S9ti:t5t> 

^icrb fcw&K&®L 7fr<i<DR mmati r i & 

R ¥i3fitgaj¥l£ 33, R 7j<¥^|6]iam^l5 3 4 *5<fc O* 
RSE75-(p)iig^|g3 5, RW)®z.^®3 6^tXtl 
£ft3„ 08 (a) «^2CDR B$#«7t¥&9 
TH^fiB (2i + K 2 j ) ORfs^tDfg^t^-f 

{m^x-nibftrcimtiMm 1 or b«^&7 ics 

mti¥!33 3T'«, Rff^R 1 tC&^T, ilSfil (2 
i + K 2j) T'Of4i677^cPg-r§4il«R (2 

1 , 2 j - 1) , R (2 i , 2 j + 1 ) , R (2 i + 

2, 2 j - 1) , R (2 i +2, 2 j + 1 ) (D^mr: 

r a (2 i + K 2 j ) = { R (2 i , 2 j - 1 ) + 
R (2i, 2 j + 1) + R (2 i +2, 2j-l) + 
R (2 i +2, 2 j + 1 ) } /A 
20 [0 04 7] R*¥73 Afflmt 3 4 T*(± G jS#«tc^ 
S6*^£0GfI^G0 (05) &A? l j£4aT:}3'K Rfc 
«fctfGfi#<DHJRffiS (2 i + 1 , 2 j ) fcfcl^T, 7k 
¥?5fa<DU-;iX7jj],?%frLr c mR 2 h 1 p f , G 
2 h 1 p f fcWAfcf, 
1) +r (2 i + K 2 j + 1) ) /2 



K<fc!3gtHU CcDR 2 h 1 



(2 5) 

G2hlpf=(G (2 i + K 2j-l)+G (2i + K 2 j + 1) ) /2 

(2 6) 

pf£G2hipf ojti: * + 1 , 2 j ) <D;J<¥77i6]t;:t§ra£*# OKI r h ftftttl 

H*g(2i + K 2 j) fc«fc!K ^<D8tJ?T? (2 i»30 LtiJfrfSo 

rh (2 i + K 2 j ) =g (2i + l, 2 j ) X (R2 h I p f /G 2 h I p 
f) 

= g (2 i + K 2 j) 
x ( r (2 i + K 2 j - 1) +r (2 i + K 2 j + 1) ) 
/ (G (2 i + K 2 j-1) +G (2 i + K 2 j + 1) ) (27) 
[00 4 8] R£K£ft»*¥a3 5T*ttGia$Ml7c¥ ★7jfiHOD-/^7-fM^Uc«R2v I pf, G2 
a6*>5OGifG0t,X*?nT*»), RfcJtfGfi v 1 p f%0!l*.ti\ 

^{cfett -sssfig (2 i + 1 , 2 j ) fci3t>T> mm* 

R2vlpf=( r (2 U 2j)+r (2 i +2, 2j))/2 (28) 
G2vlpf = (G (2K 2j)+G (2 i +2, 2j))/2 (29) 
fciOJUHU CCDR 2 v 1 p f tC 2 v 1 p f <D&£ <Cr+l, 2 j ) <Dgit/j fr(CfIH&&OH*tf r v 

s*g(2i + K 2 j) tiu, *aoawT? (2 i« Law^ 

rv (2 i + K 2 j) =g (2 i + K 2 j) x (R2v 1 pf/G2v 1 p 
f) 

= g ( 2 i + K 2 j ) x ( r (2 i, 2j)+r ( 2 i + 2 , 2 j ) ) 
/ (G (2 i % 2 j ) +G (2 i +2, 2 j ) ) (30) 
[0 0 4 9] fcfc, ±ES (2 7) , (3 0)tt±iBL (30) fc««G2hlpf, G2vlpf, RZh 

rc^.oK. mmwffl&x*<D&{m<r>mttf'}>r^z.tik i P k R2 v i P fogm^*, ymtszurmmiifa 

immt^t^CttC^t}^ Sfc, S (2 5) ~ 50 •y^*3cfcO ; ^ti±ie{C|l§t<7)T-(i^<, fficD^-y 



23 

[0 0 5 0] R^]0^^.¥IS3 6T'ti, %2<DJLvi/$l 
£+=&8 tcfc-tt^fij^© 3 2 6£0JSi2BlStC0{f 
^l^it^m^Lfc^e d Il&§ (2 

i + K 2 j ) OfI^±ieR^l£lffgtil^l33 3, R 

111 COR B^a7t¥IS7^?,cDfI^J:Dii^b«I0^ 

'2' t%fr*>, ?<DmmiCt5^T3L-yi/ 

f$.fttf2o5tmj£.ZtiZ>fiK A H > A V T'SkMJi&ilcffl 

ztatitz r mmxfamw^® 3 5 r v zmir? 

So W^¥IS3 2fCcfc^dl^ff^e d rtf '3' 
5£3M8:3 2tiSfflAfife drtf ' 1 ' **T®'&I,C 

a, a h i: a wmjtf^tbmibrcm t h 2 wt-p* 

tB¥IS 3 3 (C «fc § R (1^ r a £»t -5 c &4b\ R #sf# 

ztir^zwmtiLW (2 i , 2 j ) , (2 i , 2 j + 

1), (2 i + 1 . 2 j + 1 ) {CtS^Tti, «S#a3 * 

B 2 h 1 p f = (b (2 i , 2 j) +b 
G 3 h 1 p f = (G (2 i , 2 j ) +G 
CCQB 2 h 1 p f £G 3 h 1 p f <0\tt 5S 



ang 



(2 i , 
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* 2fre>«0"Rfcfed r = 0#fcb# £nt*5»), COtt 
(ilg 1 CO R B J&ftmTi^® 7 *» 6 CO R £ ffi 

[00 5 1] Bfi^co^Tt>±ER{I^Tco#uii:|S) 
HIT'S ^2"CORB^«7t¥l59(C*5l>T, JB 1 <0 
RBfi)c»«7c¥IS7*>e.C0BM%W*B ltiB¥^ffi» 
3 7 , B 7K¥^(n]^S¥l§ 3 8 *J «fc tf B Sfitffa 

mw¥®39\ Bm&*.&®4 o^txtiztiZa m 

8 (b) (im2C0RB^«7x¥S9^43i/>TB^fflg 
10 (2 K 2 j + 1 ) OB«^0«7C*ttWrSfcii)<DEI 

T*ft o , 0ff b *5 i t>* b -e^s ttfcajRtia ftis? ?i# 
nfcH*s<i*§T*&o, iot, ^T-TjK^nfcb' a* 

7T*W\ BffBl ttJI^T, B^{uS (2 i , 2 j + 
1 ) •?<0&i673frfcRSirS 4 BifSWSfB b a 

ba (2 K 2 j + 1) = {B (2 i-K 2j)+B 
(2 i-K 2 j + 2) +B (2 i+K 2j)+B 
20 (2i+K2j+2)}/4 

[0052] b 7j<¥>7 iRjsas^a 3 8 -eti g fowm^ 

IS6^etOGfI#G0 (05) feA^^nr^O, B*5 
<fctf Gffl^»C;&tt5H3itiB (2 i , 2 j + 1 ) fcfc^ 
T> 7]<¥^f6]C0P-^X7-c;l/^?:/CL7cfflB 2 h 1 p 
f . G3 h 1 p f fcflJAfcf, 
(2 i , 2 j +2) ) /2 (3 1) 
(2 i , 2 j +2) ) /2 (3 2) 

i . 2 j + 1 ) (D7k¥Hfaicffim*ft~Dmmmb h*m 



2 j + 1 ) x (B 2 h 1 p f /G 3 h 1 p 



2 j +1) tcfct). *SO»»T? (2 & 
b h (2 i , 2 j + 1) =g (2 i , 
f) 

= g (2 U 2 j + 1) x (b (2 i, 2 j ) +b (2 U 2 j +2) ) 
/ (G (2 i . 2 j) + C (2 i , 2 j +2) ) (3 3) 

[0 0 5 3] BSiS^I$l»[J|#g3 9-p(iGfig«-«7U# */?|S|OD-/<X7^;^*MftiB 2vlpf, 
l56fr6COGfl^GOfeA7J$ftTfcO. B&itfCfl v]pf*«Atf, 
^tcfctt^B^efi (2 i , 2 j + 1 ) fCfc^T, Sit* 

B 2 v 1 p f = (b (2 i-K 2 j +1) + b (2i + l 



G 3 



G3vlpf = (G (2 i-K 2j + l)+G (2i + l 



mmg (2 i , 



2 j j + 1) ) /2 

(3 4) 
2 j + 1 ) ) /2 
(3 5) 

ix i , 2 j + l ) <D£K#AicffiH«&oBXttb v«ff 
2 j + 1) x (B2v 1 p f/G3v 1 p 



CCOB 2v 1 pfiG3v I p f cOtkt 
2 j + 1 ) {C<fc0, #3©»WT (2 # 
b v (2i, 2 j + 1) =g (2 i , 
f ) 

= g (2i, 2 j + 1) x (b (2 i - 1 , 2j + l)+b (2 i + U 2j + 
1 ) ) 

/ (G (2 i 

[00 5 4] ft*, ±82S(3 3) , (3 6) (i±3L 



K 2 j + 1) +G (2 i + 1, 2 j + 1) ) (3 6) 

$/c, 4(3 1)- 
(3 6) CfcltSG 3 hlpf, G3vlpf, B2h 



S5«i:LTfe0, OfO, #«%OJ±tt®m«*««T 50 lpf, B2vlp fcDgffl^fi, yK^fe^^Sil^fRj 



(14) 
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[0 0 5 5] BW3^^¥S4 0T*!i, H2<DX-y >>'¥ij 

k 2 j + 1 ) <D\m*±.mB¥-^m%mm$.3 1, b 
^^fazns^ 3 8 *> i b mmxfamn^m 3 9 , 

»10RBlS»ai7C^S7A^<0{i^J:9a»?b«I»)« 10 
*.3o o£9, W£^S3 2fc«fc*tii2MI9e d btf 

'2* S^fif^ f^fr^ *©BI*fC*5^Tx-j/}? 
l&ftff3b&tW%1<tl&1)\ A H>A VT*Sit^|Dj{Cffi 
■*Wl^fJJESn*«*tt, Sifi#fi]fct§ra*#oR 

3, TO£#®3 2K«fc«tH^m^e d btfi '3* 

HJiStiStf. AH^ A VT*¥7SFlftlC«H3We^i:*l 
7k¥^tc*BBS*J$OB%a*-r* 

£¥S3 2fcJ:*atfJ«*ied b# 'K S^-n&g-jc 
J*. A H A VOPW*«^a63£»fctt t h 2 J&TFT'fc 

3 7 k «fc s b b a *ajR-r « . b #w 

&tlT^*H*(MI (2 i . 2 j ) , (2 i + K 2 
j ) , (2 i + K 2 j + 1 ) tcfc^Tfi, WSE¥«3 
2fr£ti0!l*tf e d b = 0#tt#j£ttT43»3, CCDfc* 
«ff?l (OR Bja#«7C#a7fr5©Bffl#**©$3:tti 
^fntii^o 30 
[0 0 5 6] «±<fc»K £2©RBja#«7c¥89#5 
«H^f>i§ (2 i , 2 j ) , (2K2j + l), (2 
i + 1 , 2 j ) , ( 2 i + K 2 j + 1 ) Ztl^tKDm 

[00 5 7] 09ti, V-yy\y- Y ZMiMli/ 
•> a >fc «fc 0 ffiSLfci§£©7j<¥;Sftfcfc^T%£-t5 
(color-alias level , ffiffl t9&&M (SI 
NO £<Dm&*7jk-?$><DT*$>l). ±1202 0£<fc -5ft* 
affile «fc 5ffla»««feb^/i/%iftilSi^ u 0 2 lc£ 
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TVS. ffl£*a3Sffifc:J:SftiaT'tt^<«>ftfe*^L 

/^^LTJtfS-r^t, ffil 8. 4 d B©«Jffi»£# 

[0 0 5 8] g:7c, 01 Ott, ®l7j|p]T*<9fg£-f-5® 
(color-alias level , MM) £8¥ftfi (SI 

us) tos^^i- ±.&tmmc, ±mm 

10 /^L, 02tcJ;5ilfig£>f&<gl lc£5mWtk<Dfe&l"< 

^i/j&a^LTjttersi:, *u 1 8. 5 d bcjuee^* 
[0059] 01 ifc«fctf0i2H\ y-yy 

U- r- £HfR5/ = a V-i/ 3 >(C i 0 fflg 
¥73fp](c*3^5fflafi^(Db^;L/^R G Bfl^fJ: OSai 

20 znmwm 1 t«tsjaaei©ii^*H 1 1 ±eh 
2 0 1 **se*sffi{c«fcs«ia»flD«^*ig 1 2 

t<om%*, 01 3»£BI2k:J:Sliafi<D0!SiK«fc««i 

mm<Di§^%, mi 4ic±mm2oic£z>ummwic£ 

«fc 5SaST-{± U^;K73ffiT*^4 < , ?K¥Sity3 fa<Dm 

[0 0 6 0] ±ieHS6©«S 1 Tftt, JSttlK? 1 
30 «fe7-< ;l/^CDffi?IJ^0 1 t7^1-/lfe(Dfe7^;l/^Tfe 

iB*{SS (2 i , 2 j ) ^H^fifi (2 i + K 2 
j + 1 ) ( i =0. 1 , 2, j =0, 1 „ 2, •••) 

mmam (21, 2 j + d KRe^aa** 

*«-Jt«rtt*^ofcS 2 <Dfe7w H^fuH (2 

i + K 2 j ) tc Bm%*mm2-£zftyt%&zmirc 
m 3 <o&7 )i> l terns t l xmm l rct>\ m 

js^^aasR^asort.K, 01 sic^t^o 

iffl^fia (2 i, 2 j) tHSI&g (2 i + K 2 
j +1) 0=0, K 2, j =0, K 2, ••) 

(c^ 1 (Dm^A*m®-$itzftytft&&nircm 1 cos 

H^{iig(2i, 2 j + 1) fClt2£>{f*§- 
B *ffiB2-e*StttffiFtl*#o fc» 2 Ofe7 

Ilffil (2 i + 2 j ) {c^3©f=^c^aii?-y- 

0 B, CO^%«7cLfcatRGBOfe^*S4l?*n 
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[00 61] ±tm&(»1&t& 1 Tit, 0 l *5«fctf 
HI 5<DtW*3R : f«)fe7-i'/l'*<De9J*HJlSffllB (2 

1 , 2 j ) ^BiHfiiB (2 i + 1 , 2 j + 1 ) (i = 
0, 1, 2, j=0, 1, 2, •••) {Cg5l £>fe7-f 

mmum (21. 2 j + 1 ) *ci?2cofe7f ;u 

BitftB (2 i + 1 , 2 j ) K!g3cDfe7^;!/2 

*E?ijLfe«^ (bui 5 *<D®tmft) tLxmm 

Lfzt>\ 01 6fC^£ft*«fc9fc:» BSHjiS (2 i, 2 
J + 1) fcBJRffiB (2 i + K 2 j) (1=0,1, 10 

2, j=0, 1, 2, •••) KSlOfi7-f/^4, 
B*&g (2 i, 2 j) tcm2<Dfe7-c;U^^. Hftft 
I (2 i + K 2 j + 1) lcm3<D&7j)l*%mjt\L 

rdis (mi 6tt><o&m&) ?$>mm<o%)m*mL, 

fe7f 7l>£#gBy'iJ£n, n+ 1 7^>Tllg3 0ft7^ 
7l/2£^ 1 <D&-7-ol$t>my\-£ftX^ ±T©7^>T 

[0 0 6 2] ±£%tt0^tt 1 fCfcl>T, glO 20 

X V *JW5&fSl 5tS£ XSm 2 OX y v^X© 8 fc:fc^ 
TCDW^g^^^f fg^ffc, A H i: A V ©M73*^16S 
i&fcifWTwit^tt 'l' fcu x«yj?j5g#tffc3i:!pj 
£LAH>A VCDi§£ti '2* i: L, AH<AVOf^ 

it '3 1 znx^zmmftmicis^ 

Xlt '0' fcLTtfl^-rSli^fCOl^TKWLTV^ 

[oo63] ±immmm 1 -z?fi, /\- f^x 30 
rtc «t u 0 2 o*is<ofiigi%ff a m^ie-D^rmm lx 

m*n 1 c t % c t it w o $ x 1 4 < , ±iehs& 

[oo64] nm<DBm 2 . mmvmm 1 T -(±^ 1 ©x 
•v^M¥I35{c*5v>t, Gimiasifzwrnfam (2 

i , 2 j + 1) *i«fctf (2i+K 2 j ) T<75±T££ 
T*<DX-y >>'fi)c^*WS U 3? 2 QX-y ^J^g 8 {C*5 
l^Ttt, R fl^cDHTtfC *f LTG ff *§fc fetf 5 BiSfig 

(2 i + 1 , 2 j ) T(OX-y->*^, Bfi^OfflfcfC 40 
#LGft^lC^t*H«ttB (2i, 2 j + 1 ) T-OX 

(2 i , 2 j + 1 ) , (2 i + 1 , 2 j ) T?<D;te&*5«fc 

So =fcoT, 0 1 7£5Vf lO<0G^x-r>* 
W£?8fc<fcDGlg^£:fe»t*iB*ffiH (2 i , 2 j + 
1 ) *5«fctf (2 i + 1 , 2 j ) ?<DXy$/*fig#;fcflJ£f 
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[0 0 6 5] 0 1 7K*5^T, 1-4, 6-7, J3<fctf 

9 tt±IEISiS<DJB!K 1 T©tt«8Hfciai-© 
0 , 4 1 ft G JS#X >y z/Wm^&T*& <0 , 7j<¥75 fax -y 

g4 4K«fc»)'*lSSft5o 

[0066] ^tcf&ft^ittwrso sale? i »6«a 

fgffi*§R, G, B*K*aJU A/Drry/^-^2{Ci 
<0 A/Df^tlt7l/-A^€'J 3 £ Art 5 ft. SMI 
#S4{CJ;D#R, G, BM*§£#8tU G^«7CX 
©6, 8l©RB*7£¥a7*«fctfSI2<DRB«7E¥a 

±Mnm<DWM \ tm-X'&?>(DT* : t<Dmffl%:mmt'& 

[00 6 7] G ##x -y v^JJt? S 4 1 ti#|§X|S 4 
fcfe»*«Gflra (018) &\tlZtU G«»xys;w 
^¥IS4 1 F«g£07j<¥73lqIX-y^a#|a4 2, 
X>y^bB^S4 3Aj;^5n§„ 7j<^7?(pJX-y^ 
tU#®4 2*3J:0 : Sit7Jf6]X-yv/^mXS4 3fc*^T 
fiBUful (2 K 2 j + 1 ) , (2 i + K 2 j ) 
(01 8 ^SSHST^-riiBR) T?o£^fe«feO : ±T©IS* 

0M#O$9X«y^|«#*fcffir-So ?J<¥/7f6] 
X -y i>'^tii¥S 4 2 T»tt, ±teii^feHT-07x^«iii^ 

7^JL, Sil73}nix-y^ttj^g4 3T'fi, ±TcOH^co 
MO*g*fffiAVg^f#T, flJ3t#S5 5'\i:aj*r*. 
1^(1 B^fiS (2 i , 2 j + 1 ) Kfe^Tti, 7j<¥ 

>y s^tta^a 4 2 t\ 

AHg= I G (2 K 2 j) -G (2 i , 2 j +2) I 

AVg=| C (21-1, 2J + D-G (21 + 
1, 2J + i) I 

**mu ±ieAH g> Av g *w^S4 4^tas 

[0 0 6 8] ±f2W^X@4 4 Xlt, 7j<¥77[^T<7)x-y 
A H g *5 «k XSmWi (SJX -y AVgia*)> 

»***-rffll^e d 1 *GlS»tt7c¥a6'V edr, 
edb%SB20RBlS#«7E#©9'\fctttfrf* e *W 
^ft^fi, AHgiAVg ©ST? TW^&ftffiJWT© 

, SiaB^TOfl^ U^;KD$f k^ftc * t 
L, M^tf T ^-r§ 0 -77, AHg^/c«AVgtf 

^fiSc^fe^^liJSL, ?5(C, A H g > A V g (DWia 

itmmftfaicmMtfm^t'®mLxffl*.i£ 'z' tt, 

A H g S A V g <DJf^-tt7j<^77 (nJtefflW^iSV^ipJ^ L 
T^J^tf, '3' fT5o CCT\ G^«k;X|S6(c 
feV^Ttt, B^{SS_(2 i, 2 j + l) t (2 1+1, 
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